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PREFACE. 


The  production  of  this  work  may  be  briefly  explained  as 
follows.  The  publishers  having  requested  me  to  revise  once 
more  the  Manual  which  had  been  prepared  by  the  late  Mr 
Henry  Watts,  on  the  basis  of  Fownes,  a  careful  examination 
of  the  book  showed  that  it  would  be  necessary  to  rewrite  a 
large  part  of  the  existing  matter  and  to  add  a  considerable 
amount  of  new.  The  last  traces  of  the  work  of  Fownes  have 
disappeared  in  the  process.  Hence,  although  the  general  arrange- 
ment of  the  contents  is  similar  to  that  of  the  original,  we  have 
now  a  practically  new  book,  in  which  the  phraseology  as  well 
as  the  matter  has  been  modernised.  A  preliminary  chapter 
has  been  added,  in  which  a  survey  of  the  most  important  events 
in  the  development  of  Chemistry,  from  the  time  of  Boyle,  has 
been  attempted.  I  have  found  such  a  historical  survey  to 
constitute  a  useful  introduction  to  the  general  study  of  the 
science.  Many  additional  illustrations  have  also  been  intro- 
duced. 

This  book  is  not  intended  for  children,  neither  is  it  suited 
to  the  requirements  of  the  most  advanced  students.  It  aims 
at  presenting  in  a  compact  form  a  body  of  facts  and  a  state- 
ment of  the  leading  doctrines  of  Modern  Chemistry,  suitable 
to   the   needs   of    students   who   are    receiving  instruction 
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under  a  teacher,  and  who  require  a  Manual  to  which  they 
can  resort  for  tlie  purpose  of  verifying  and  extending 
such  information  as  they  receive  in  the  lecture  -  room. 
Directions  are  also  provided  for  carrying  out  a  number  of 
simple  experiments  such  as  every  student  ought  to  perform 
with  his  own  hands.  These,  however,  must  be  looked  upon 
only  as  suggestive,  and  can  easily  be  multiplied,  extended,  or 
modified  according  to  the  judgment  of  the  teacher.  While 
studying  the  non-metallic  elements,  students  should  learn  the 
usual  analytical  tests  by  which  the  common  acids  are  recognised, 
those  for  the  metals  being  taken  later.  This  is  a  reversal  of 
the  usual  order,  though  more  natural. 

In  the  table  of  contents  those  portions  which  may  be 
omitted  at  first  are  indicated  by  a  star. 

The  order  in  which  the  elements  are  taken  for  study  may 
not  commend  itself  to  those  Chemists  who  look  upon  the 
periodic  system  as  a  final  scheme  of  classification.  But,  mthout 
entering  into  a  discussion  of  this  question,  mj  experience  leads 
me  to  believe  that  a  rigid  adherence  to  the  order  in  which  the 
elements  follow  one  another  in  that  system  is  a  continual 
source  of  difficulty,  alike  to  teachers  and  students.  I  prefer, 
for  teaching  purposes  at  any  rate,  an  arrangement  of  groups, 
the  members  of  which  stand  in  obviously  natural  relationship 
to  one  another,  and,  independently  of  mere  considerations  of 
valency,  do  as  a  matter  of  fact  closely  resemble  each  other. 
This  does  not  prevent  the  teacher  from  directing  careful  atten- 
tion to  tlie  important  principle  which  underlies  the  periodic 
system. 

It  is  scarcely  to  be  expected  that  a  book  which  contains 
so  large  a  number  of  figures  and  formulas  should  be  entirely 
free  from  errors,  but  great  care  has  been  given  to  the  correc- 
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tion  of  the  proofs,  and  all  new  data  liave  been  taken  directly 
from  original  sources. 

For  the  excellent  index  with  which  the  volume  is  provided, 
T  am  indebted  to  the  friendly  assistance  of  Miss  Edith  Ayrton. 

Royal  Collegk  of  Science, 
London,  February  1897. 


DIRECTIONS  TO  THE  STUDETs^T. 


Paragraphs  headed  "  Experiment "  contain  instructions  for  the 
performance  of  simple  operations,  which  you  should  carry  out 
for  yourself.  Do  not  be  satisfied  Avith  half-finisliing  these 
experiments.  If  not  entirely  successful,  seek  for  help  from 
your  teacher.  Articles  indicated  in  the  Table  of  Contents 
by  a  star  may  be  omitted  on  first  reading  the  book. 
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MANUAL  OF  CHEMISTRY. 


f   

INTRODUCTIOK 

The  Science  of  Chemistry  has  for  its  object  the  study  of  the  com- 
I^osition  of  the  materials  out  of  which  are  formed  the  earth,  the 
sea,  the  air,  and  the  organised  and  living  beings  which  inhabit  them. 
Chemistry  also  seeks  to  explain  the  connection  between  the  compo- 
sition of  bodies  and  their  properties.* 

In  ordinary  scientific  speech  the  term  chemical  is  applied  to 
changes  which  permanently  affect  the  properties  or  characters  of 
bodies,  in  opposition  to  effects  termed  physical,  which  are  not 
attended  by  such  conseciuences.  Changes  of  composition  or  com- 
bination are  thus  easily  distinguished  from  those  temporarily 
brought  about  by  heat,  electricity,  magnetism,  and  mechanical  force, 
whose  laws  and  effects  lie  within  the  province  of  Physics. 

The  foundation  of  modern  opinions  concerning  the  nature  of 
matter  and  the  relation  of  a  compound  to  its  constituents  was  laid 
by  Rf)bert  Boyle  (born  1627,  died  1691)  and  his  disciples  Hooke 
and  Mayow.  Many  chemical  arts,  snch  as  the  working  of  several 
metals,  the  production  of  glass,  soap,  and  some  dyes,  and  the  distil- 
lation of  alcohol  from  fermented  liquids,  had  been  practised  from 
very  early  times.  Evidence  of  the  antic^uity  of  such  processes  is 
afforded  l>y  references  to  tliem  in  the  Old  Testament,  and  by  the 
<lyes  found  in  the  mummy  cloths  of  Egypt.  The  early  history  of 
these  arts  and  of  the  first  notions  as  to  the  nature  of  matter  which 
may  have  arisen  in  connection  with  them  is  entirely  unknown  to  us 
now,  but  such  words  as  alkali,  alcohol,  and  alchemy,  are  evidently  of  Alclicmy. 
Arabic  origin.  Alchemy,  and  hence  Chemistry,  has  been  derived 
from  the  word  Kemia,  a  native  name  of  Egypt,  also  signifying  black  ; 
hence  Alchemy  was  the  black  or  Egyptian  art.    The  ancient  doctrine 

*  Compare  Scheele's  definition: — "It  is  the  object  and  cliief  business  of 
Cliemistry  to  skilfully  separate  substances  into  their  constituents,  to  discover 
their  propel  ties,  and  to  compound  tlicni  in  dill'erent  ways." 
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attributed  to  Aristotle,  taught  the  fuudumental  unity  of  all 
matter,  but  ascribed  its  different  forms  to  the  possession  of  certain 
qualities  typified  by  fire,  water,  earth,  and  air,  the  four  so-called 
Alchemists,  elements.  The  search  after  the  "philosopher's  stone,"  wliich  was 
to  change  base  metal  into  silver  and  gold,  and  the  universal 
"elixir,"  which  was  expected  to  cure  all  diseases  and  prolong  life 
indefinitely,  had,  however,  led  the  alchennsts  of  the  middle  ages, 
partly  or  completely,  to  abandon  the  notion  of  four  elements. 
For  simple  contemplation  of  natural  objects  they  had  substituted 
the  practice  of  experiment,  and,  though  during  this  long  period 
the  art  of  observation  never  grew  to  great  perfection,  enough  was 
learned  to  show  that  other  hypotheses  were  wanted  to  explain  the 
facts  discovered  in  the  laboratory  of  the  chemist.  A  new  system  of 
chemical  principles  was  adopted,  and  all  the  various  qualities  of 
bodies  were  attributed  to  the  three  elements,  or  tria  'prima,  salt, 
sulphur,  and  mercury,  in  various  proportions,  and  incorporated  in 
various  ways. 

The  phenomena  of  fire  up  to  the  end  of  the  seventeenth  century 
had  been  an  impenetrable  mystery.  This  was  probably  owing  chiefly 
to  the  fact  that  the  nature  of  common  air  was  unknown,  and  the 
study  of  gases  or  "volatile  spirits,"  as  they  had  been  called,  had 
been  almost  entirely  neglected.  Experimenting  with  his  air-pump 
BoYLK.  Boyle  found  that  a  candle,  charcoal,  and  suliDhur  would  not  burn 
HooKE.  in  the  receiver  after  removal  of  the  air.  Hooke,  wlio  had  bei-n 
assistant  to  Boyle  at  Oxford,  also  pointed  out  that  air  is  necessaiy 
to  combustion,  and  that  it  acts  in  virtue  of  an  ingredient  "like  unto 
SIAVOW.  or  the  very  same  as  that  which  is  fixed  in  saltpetre."  Mayow,  in 
1675,  burned  a  candle  under  a  bell  glass  and  found  the  air  so 
changed  that  a  lighted  candle  would  not  burn  in  it ;  and  Kej',  a 
French  physician,  in  1680,  discovered  that  metals,  such  as  tin  and 
lead,  when  calcined,  increase  in  weight.  From  such  observations 
the  following  important  facts  Avere  tlierefore  established  : — Oixiinary 
burning  cannot  take  place  without  air  ;  the  same  air  cannot  be  used 
twice  over  ;  the  use  of  bellows  and  the  draught  of  a  cliininey  show 
that,  by  increasing  the  supply  of  fresh  air  to  a  burning  surface,  tlie 
more  rapid  is  the  combustion  ;  and  lastly,  that  in  burning  there  is 
no  loss  of  suljstance,  but  that  when  air  has  free  access  there  is  a 
gain  of  weight. 

The  great  service,  however,  rendered  to  Chemistry  by  Eobert 
Boyle  consisted  in  showing  that  there  was  no  sulHcient  evidence  of 
the  general  existence  of  the  alchemistic  principles,  salt,  sulphur,  and 
mercury,  that  the  number  of  elements  could  not  be  limited,  and  in 
teaching  the  doctrine  that  tilings,  such  as  gold,  wliich  ainnot  be 
decompounded,  must,  for  the  time,  be  regarded  as  simple.  These 
are  the  elements  of  the  modern  chemist. 

Fire,  and  the  process  of  burning,  have  been  from  the  earliest 
times  subjects  for  wonder  and  curiosity,  and  even  tlie  object  of 
woi'ship.  A  theory  which  pretends  to  give  an  explanation  of 
burning  and  of  flame,  and  which  connects,  under  a  common  explana- 
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tion,  such  plieiiomena  with  the  changes  which  go  on  in  the  rusting 
of  metals,  the  decay  of  organic  matters,  and  the  {processes  of  putre- 
faction and  fermentation,  is  deserving  of  careful  attention.  A 
comprehensive  theor}^  of  this  kind  was  the  tlieory  of  "phlogiston,"  Stahi.  and 
enunciated  by  Stahl  (b.  1660,  d.  1734).  According  to  this  doctrine,  ^I'l^sistun. 
all  combustible  substances,  as  well  as  metals,  owe  their  characteristic 
properties  to  the  presence  in  them  of  a  peculiar  inflanmiable  prin- 
ciple, phlogiston,  together  with  a  calx  or  ash.  Substances  like 
charcoal  were  supposed  to  be  rich  in  phlogiston,  while  metals,  such 
as  iron,  were  supposed  to  contain  little  phlogiston,  but  much  calx. 
The  theory  further  taught  that  the  phlogiston  of  one  substance 
might  be  communicated  to  a  calx,  whereby  it  could  become  metallic 
or  combustible,  as  when  charcoal,  heated  with  iron  ore,  makes  iron, 
or,  heated  with  litharge,  it  produces  lead.  The  discovery  that  when 
a  metal  is  roasted  and  converted  into  a  calx  it  becomes  heavier  was 
sufficient  to  show  that  the  theory  was  incorrect  or  incomj^lete,  for 
it  would  be  difficult  to  explain  how  the  loss  of  something  by  a  body 
could  add  to  the  weight  of  the  body.  Nevertheless,  the  doctrine 
was  generally  adopted,  and  all  sorts  of  chemical  changes  were  ex- 
plained upon  this  hypothesis  down  to  the  time  of  Lavoisier,  at  the 
end  of  the  eighteenth  century. 

In  the  meantime,  a  long  series  of  experimental  researches  were 
being  carried  on,  with  results  of  the  highest  importance  to  the 
science  of  Chemistry.  In  1774,  "dephlogisticated  air"  (oxygen),  had 
been  isolated  from  red  precipitate  of  mercury  by  Priestley  (b.  1733,  priesti.ev 
d.  1804).  The  same  process  had  already  been  used  by  Scheele  Icuejjle, 
(b.  1742,  d.  1786),  in  Sweden,  but  not  published  till  about  two 
years  later.  Moreover,  Scheele  showed  very  clearly  that  the  "  fire- 
air,"  as  he  called  it,  obtained  from  this  and  other  sources  was  really 
a  constituent  of  common  air,  and  that  the  latter  owes  its  power  as  a 
supporter  of  combustion  and  of  animal  respiration  to  the  presence  of 
this  ingredient.  He  seems  to  have  understood  the  nature  of  common 
air,  but  was  prevented  from  finding  the  true  explanation  of  tlie 
process  of  burning  in  consequence  of  his  persistent  adherence  to  the 
theory  of  phlogiston.  Priestley  was  also  a  phlogistian  to  the  end  of 
his  life. 

Muriatic  acid  had  been  obtained  from  common  salt  a  century  and 
a  half  earlier  by  the  alchemist  Glauber.  From  this  liquid  a  gas  was 
produced  by  Scheele  in  1774,  which  he  called,  in  the  language  of  the 
period,  "dephlogisticated"  muriatic  acid.  Tins  gas,  afterwards  proved 
by  Davy  to  be,  like  oxygen,  a  simple  body  or  element,  I'eceived  from 
him  the  name  chlorine,  in  allusion  to  its  greenish  colour.  The  iii- 
tlammable  air  produced  during  the  solution  of  the  common  metals 
iron  and  zinc  in  sulphuric  acid  had  been  noticed  by  Paracelsus  in  the 
sixteenth  century,  and  had  been  examined  by  Boyle.  But  it  was 
Cavendish  (b.  1731,  d.  1810)  who  showed,  in  1784,  that  this  air,  Cwkndish. 
united  with  the  dephlogisticated  air  of  Priestley,  produced  water,  and 
nothing  else.  From  this  Cavendish  drew  the  conclusion  that 
"dephlogisticated  air  is  only  water  deprived  of  phlogiston."  The 
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name  hydrogen,  or  water-producer  (from  vSup,  water,  and  yevfau).  to 
produce)  was  long  afterwards  given  to  thi.s  inflammable  air  in  con- 
formity with  the  system  of  nomenclature  adopted  by  Lavoisier, 
lu  1755,  a  paper  entitled  "  Experiments  on  Magnesia  Alba,  Quick- 
Black.  lime,  and  other  Alkaline  Substances,"  was  published  by  Dr  Black 
(b.  1728,  d.  1799),  then  Professor  of  Chemistry  in  the  University  of 
Edinburgh,  in  which  he  showed  that  common  magnesia  "  is  a 
compound  of  a  peculiar  earth  and  fixed  air,"  and  that  limestone 
and  chalk  consist  of  lime  with  the  same  fixed  air,  which  can  be 
driven  out  by  a  strong  heat,  as  in  the  lime-kiln,  and  restored  to  the 
lime  either  by  contact  with  alkalis,  or  on  exposure  to  the  air.  The 
acrid  character  of  quicklime  and  of  caustic  alkali  is  therefore  not 
due,  as  had  isreviously  been  supposed,  to  the  addition  of  a  peculiar 
acid,  but  to  the  removal  of  the  fixed  air,  or,  as  it  is  now  called, 
carbonic  acid  gas,  or  carbon  dioxide.  Such  facts  as  these,  and  many 
others,  formed  the  material  out  of  which  Lavoisier  framed  his  new 
system  of  Chemistry. 

The  phlogistic  theory  had  two  defects  :  it  assumed  the  existence 
of  a  principle  supiDosed  to  be  material,  but  whose  existence  was  the 
creation   of  jDure  hypothesis,  and  it  ignored  the  acknowledged 
influence  of  the  air  in  combustion,  and  the  increase  of  weight 
LAVOISIER,  actually  observed  in  the  calcination  of  metals.    Lavoisier  (b.  1743, 
d.  179-1)  succeeded  in  giving  the  true  interpretation  to  facts  already 
long  established.    It  was  known  that  in  the  calcination  of  metals, 
and  in  the  burning  of  sulphur  and  phosphorus  in  contact  with  air, 
there  was  not  only  an  increase  in  the  weight  of  the  substance,  due 
to  the  absorption  of  air,  but  that  it  was  not  the  Avhole  of  the  air,  but 
one  of  its  constituents,  which  thus  became  fixed  in  the  solid  com- 
pound.   This  constituent  of  air  Lavoisier  traced  into  the  red  calx 
of  mercury,  and,  imitating  the  method  of  Priestley,  he  separat-ed 
again  the  constituents  of  the  calx  by  heating  it,  and  thus  obtained 
from  it  fluid  quicksilver  and  the  "vital"  air.     This,  like  the  gas 
Priestley  had  called  "  dephlogisticated  air,"  and  like  that  which 
Scheele  had  called  "fire-air,"  he  found  was  specially  active  in  com- 
bustion, and  in  supporting  the  respiration  of  animals.  Insisting 
upon  all  these  facts,  Lavoisier  showed  that  burning,  rusting,  ancl 
calcination  are  processes  in  which  there  is  not  a  decomposition  of  the 
burning  or  rusting  substance,  as  supposed  by  the  phlogistic  doctrine, 
but  that  there  is  a  covildnation  of  the  substance  with  the  new  air, 
the  resulting  compouiid  being  made  up  of  the  two  united,  without 
loss  of  any  portion  of  either.    Tliis  vital  air  he  found  also  in  fixed 
air  from  chalk,  in  phosphoric,  sulphuric,  sulpliurous,  nitric,  and 
nitrous  acids,  and,  recngnising  its  connection  Mith  the  production 
of  acids,  he  gave  to  it  the  name  "principe  oxygine,"  since  contracted 
into  ox,\jgen  (from  6^os,  vinegar,  and  yevviiai,  to  produce),  and  called 
the  compounds  into  which  it  was  known  to  enter  oxides. 

Acids  and  alkalis  form  two  of  tlie  most  important  classes  of 
definite  chemical  compounds,  and  their  chief  qualities  have  been 
recognised  from  very  early  times.    Acids  are  commonly  sour  to  the 
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taste,  soluble  in  water,  and  redden  infusion  of  blue  cabbage  or 
litmus.  Alkalis  are  more  or  less  soluble  in  water.  The  solutions 
taste  soapy,  and  they  turn  infusion  of  red  cabbage  or  of  violets  green 
and  litmus  blue.  Lavoisier  showed  that  both  these  classes  of  com- 
pounds consist  usually  of  oxides,  and  since  it  is  commonly  the 
property  of  alkalis  to  neutralise  acids  when  mixed  with  them,  the 
salts  which  result  must  also  usually  contain  oxygen. 

Muriatic  acid,  however,  forms  an  important  exception  to  Lavoisier's 
rule  as  to  the  composition  of  acids,  for  it  contains  no  oxygen.  The 
yellow  gas  obtained,  as  already  stated,  by  Scheele  was  called  by  him 
dephlogisticated  mnriatic  acid,  a  name  which  expressed  the  fact  that 
it  was  mnriatic  acid  deprived  of  its  inflammable  principle.  Lavoisier 
regarded  it  as  a  componnd  of  muriatic  acid  and  oxygen,  and  it  was 
not  till  1810  that  chlorine,  as  it  was  then  called  by  Davy,  was  com- 
pletely established  among  the  elements.  Davy  mixed  the  dry  gas 
with  hydrogen,  and  showed  that  the  two  unite  witliout  contracting 
and  without  formation  of  water.  Charcoal  intensely  ignited  in  the 
gas  produced  no  oxide  of  carbon,  and  similarly  potassium,  sodium, 
tin,  copper,  phosphorus,  and  sulphur,  when  ignited  in  chlorine,  pro- 
duce compounds  wliich  have  none  of  the  properties  of  oxides.  Other 
elements  of  similar  characters  have  since  been  isolated, — iodine, 
by  Courtois,  in  1811  ;  bromine,  by  Balard,  in  1826  ;  and  fluorine, 
by  Moissan,  in  1886  ;  and  these  are  now  recognised  as  forming,  with 
chlorine,  a  natural  group  or  family  of  elements  possessing  many 
chemical  characters  in  common. 

The  composition  of  a  compound  may  be  expressed  in  reference 
solely  to  the  elements  of  which  it  is  composed,  or  the  proportion 
of  those  elements  may  be  stated.  During  the  latter  half  of  the 
eighteenth  century  attention  had  been  given  to  experiments  relating 
to  the  quantity  of  materials  to  be  nsed  or  of  products  obtained  in 
chemical  processes,  but  it  was  not  till  after  Lavoisier's  time  that 
the  balance  was  commonly  used  in  chemical  investigations.  Two 
German  chemists,  Wenzel  and,  later,  Richter,  had  made  a  great  many  Wenzki. 
analyses  of  salts,  and  had  made  determinations  of  the  amount  of 
metallic  oxide  required  to  saturate  several  acids,  but  though  they  did 
in  effect  establish  the  important  principle  that  in  chemical  changes 
definite  weights  of  matter  are  concerned,  it  was  not  till  the  early  years 
of  the  present  century  that  the  Law  of  Definite  Proportions 
was  so  firmly  established  as  to  be  generally  recognised.  Proust,  a  Proust. 
French  chemist,  proved  that  native  carbonate  of  ciq^per  has  the  same 
composition  as  the  carbonate  prepared  artificially  by  precipitation 
and  extending  similar  analytical  inquiries  to  many  oxides  and 
sulphides,  he  provided  a  secure  foundation  for  the  doctrine  that 
every  chemical  compound  is  definite  in  its  nature,  the  ratio  of 
the  elements  entering  into  its  composition  being  fi.xed  and  invari- 
able. 

From  the  days  of  Newton  various  attempts  had  been  made  to 
apply  the  doctrine  of  atoms  to  the  explanation  of  the  properties  of 
matter,  but  owing  to  a  lack  of  exact  knowledge  of  the  composition  of 
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such  familiar  things  as  air  and  water,  no  i^ractical  shape  had  been 
given  to  the  theory.  But  at  about  the  time  when  Proust  was  labour- 
ing to  establish  the  idea  involved  in  the  law  of  definite  proportions 
Dalton.  just  stated,  further  inquiries  were  being  made  by  John  Dalton 
(b.  1766,  d.  1844)  at  Manchester.  By  M-hat  course  of  reasoning  is 
not  now  known  Avilh  certainty,  he  was  led  to  adopt  the  view  "  that 
all  bodies  of  sensible  magnitude,  whether  liquid  or  solid,  are  con- 
stituted of  a  vast  number  of  extremely  small  particles,  or  atoms  of 
matter  bound  together  by  a  force  of  attraction  which  is  more  or  less 
powerful  according  to  circumstances,"  and  in  his  Neto  System  of 
Chemical  Philosophy,  published  in  1808,  he  shows  that  this  hypothesis 
is  satisfactory  but  that  hitherto  no  use  had  been  made  of  it.  The 
following  passage  sets  forth  very  clearly  Dalton's  own  application  of 
his  hypothesis  : — "  Chemical  analysis  and  synthesis  go  no  further 
than  to  the  separation  of  particles  one  from  another  and  to  their 
reunion.  No  new  creation  or  destruction  of  matter  is  within  the 
reach  of  chemical  agency.  We  might  as  well  attempt  to  introduce  a 
new  planet  into  the  solar  system,  or  to  annihilate  one  already  in 
existence,  as  to  create  or  destroy  a  particle  of  hydrogen.  All  the 
changes  we  can  produce  consist  in  separating  particles  that  are  in  a 
state  of  cohesion  or  combination,  and  joining  those  that  were  pre- 
viously at  a  distance"  {Chem.  Phil,  p.  212).  In  the  course  of  his 
inquiries  Dalton  discovered  the  Law  of  Multiple  Propor- 
tions. When  two  elements,  A  and  B,  unite  together  in  more  than 
one  proportion,  if  we  consider  the  quantities  in  which  B  unites  with  a 
fixed  proportion,  say  one  part  by  Aveight,  of  A,  then  these  quantities 
bear  a  simj^le  relation  to  each  other.  Thus,  one  part,  by  weight,  of 
hydrogen  combines  with  eight  parts,  by  weight,  of  oxygen  to  form 
water,  and  with  sixteen  parts,  by  weight,  of  oxygen  to  form  another 
compound  called  hydrogen  peroxide  :  that  is  to  saj',  in  accordance 
with  the  law,  the  quantity  of  oxygen  in  the  second  compound  is 
exactly  twice  the  quantity  of  oxygen  in  the  first,  considered  in  re- 
lation to  the  same  quantity  of  hydrogen  in  both.  This  would  be  an 
obvious  deduction  from  the  doctrine  of  atoms,  for  if  one  atom  of 
hydrogen  combines  with  oxygen,  it  must  combine  with  either  one 
atom  or  with  two  or  more  atoms  of  tluit  element,  a  fraction  of  an 
atom*  being  by  the  hypothesis  inadmissible.  Dalton,  however,  did 
not  limit  himself  to  speculation,  but  made  a  large  number  of  analyses 
with  the  object  of  determining  the  composition  of  bodies.  Many  of 
his  experimental  results  were  very  inaccurate,  and  some  of  his 
assumptions  were  inconsistent  with  the  conclusions  derived  from  the 
more  exact  knowledge  of  modern  times,  but  by  turning  to  account 
the  previously  vague  and  useless  doctrine  concerning  the  particles  of 
bodies,  and  bringing  these  notions  into  harmony  with  the  facts  of 
combination,  he  laid  a  foundation  for  the  entire  fabric  of  modern 
theoretical  clieniistry.  Dalton's  Atomic  Theory  is  therefore  entitled 
to  rank  with  Lavoisier's  antiphlogistic  theory  of  combustion,  as 

*  Sometliing  indivisible  from  o  privative,  and  Tefivm,  I  cut.   A  group  of  united 
atoms  forms  a  molecule.    [Moles,  Latin,  a  heap  ;  viokciUa,  diminxitive.) 
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representing  one  of  the  most  important  steps  that  has  ever  been 
taken  in  the  history  of  chemistry. 

The  establishment  of  the  Law  of  definite  proportions  had,  however, 
not  been  accomplished  without  nmch  controversy.  A  distinguished 
French  chemist,  Berthollet  (b.  1748,  d.  1822),  maintained  the  view  y.f.k- 
that  a  substance  tends  to  enter  into  combination  not  only  in  virtue  thui.let. 
of  what  has  been  called  "affinity,"  but  in  proportion  to  its  mass  or 
([uantity,  and  that  the  mutual  action  of  two  substances  would  be 
largely  influenced  T)y  the  pliysical  properties  of  the  resultant  com- 
pounds, that  is,  their  solubility,  fusibility,  or  volatility  ;  and  he  held 
tliat  the  composition  of  a  compound  was  not  necessarily  definite  and 
invariable,  but  was  a  matter  of  accident  dependent  upon  the  con- 
ditions under  which  it  was  formed.  He  seems  to  have  believed  that 
chemical  attraction  or  affinity  was  a  special  manifestation  of  universal 
attraction,  and  not  essentially  different  from  adhesion  and  cohesion. 
Berthollet's  views  did  not  prevail  in  the  controversy,  for  the  law  of 
definite  proportions  was  finally  placed  beyond  dispute  by  the  work 
of  Proust  and  other  chemists.  Nevertheless  we  now  know  how  large 
an  element  of  truth  existed  in  the  doctrine  upheld  by  Berthollet, 
and  have  learnt  to  recognise  its  validity  at  the  same  time  that  fixity 
of  composition  of  each  chemical  compound  is  an  article  in  the  belief 
of  every  chemist.  The  fact  is  that  everj'  chemical  compound  has  a 
definite  and  invariable  composition,  but  the  extent  to  which  a  given 
chemical  change  may  proceed  is  influenced  by  the  relative  masses 
of  the  acting  bodies,  as  well  as  by  the  physical  conditions  of  the 
experiment.  This  is  too  difficult  a  subject  to  be  explained  in  an 
introductory  chapter,  but  it  will  be  referred  to  again  when  a  suffi- 
cient number  of  facts  and  instances  have  been  described. 

The  name  of  Sir  Humphry  Davy  (b.  1778,  d.  1829)  is  one  of  the  davy. 
most  famous  in  the  early  history  of  chemical  science.  Eeference 
has  already  been  made  to  his  experiments  upon  chlorine,  but  his 
discovery  of  the  metals  sodium  and  potassium,  derived  from  the 
alkalis,  was  an  event  of  still  greater  importance.    The  suljstances 
called  alkalis  have  been  known  from  very  early  times.    When  the 
wliite  ash  obtained  by  burning  wood  or  other  vegetable  matter  is 
stirred  up  with  water,  a  solittion  is  obtained,  after  settlement  of  the 
insoluble  matters,  which  possesses  the  property  of  cleansing,  and  was 
itsed  for  washing  purposes  long  before  the  invention  of  soap.  This 
solution,  mixed  with  a  vegetable  dye,  usually  turns  the  reds  and  blues 
to  a  green  colour  ;  it  also  neutralises  acids  so  that  their  sour  taste 
and  corrosive  properties  are  lost.    Further,  it  had  long  been  known 
that  when  this  solution  is  mixed  with  linie  the  "  mild  "  alkali  it  con- 
tains is  converted  into  "  caustic  "  alkali  [as  already  explained,  see 
Black],  which  possesses  the  power  of  convei  ting  fat  into  soap.  Lime 
is  a  substance  of  similar  properties,  but  being  far  less  soluble  in 
water,  it  acts  less  vigorously  than  caustic  potash.    Up  to  the  time  of 
Davy,  all  attempts  to  decompose  these  substances  had  failed,  and 
they  were  commonly  regarded  as  simple  or  elementary  bodies.  The 
property  of  interacting  with  acids  to  form  salts  is  common  to  sub- 
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stances  sucli  as  red  precipitate  of  mercury,  litharge,  or  iron  rust,  and 
lime  and  the  fixed  alkalis.  As  the  former  had  been  shown  bj' 
Lavoisier  to  consist  of  a  metal  united  to  oxygen,  it  might  have  been 
conjectured  that  lime  and  the  alkalis  potash  and  soda  might  have  a  like 
coiLstitution,  but  the  means  of  separating  the  constituents  remained 
unknown.  The  Voltaic  battery  had  been  invented  at  the  end  of  the 
eighteenth  century,  and  had  been  used  for  the  decomposition  of 
"water  and  of  various  salts  in  solution.  Davy,  turning  this  knowledge 
to  account,  succeeded,  with  the  aid  of  a  powerful  battery  uf  zinc  and 
copper  plates,  in  producing  a  current  strong  enough  to  decompose 
potash  and  soda,  in  1807,  and  in  showing  that  both  these  substances 
contain  a  metal.  Lime,  baryta,  and  magnesia  were  also  shown  to 
contain  a  metallic  basis.  The  properties  of  the  new  metals  sodium 
and  potassium  were  found  to  be  very  remarkable.  They  attack  even 
cold  water  violently,  reproducing  the  caustic  alkali,  and  liberating 
hydrogen  in  the  form  of  gas.  Tiie  action  of  potassium  is  so  strong 
that  it  causes  the  ignition  of  the  escaping  hydrogen,  and  thus 
appears  itself  to  burst  into  flame.  These  metals  also  differ  from  all 
metals  known  at  that  time  in  their  remarkably  low  specific  gravities, 
being  so  light  as  to  float  on  water.  The  energy  with  which  both 
these  elements  unite  with  oxygen  and  with  chlorine  suggests  their 
use  for  the  liberation  of  other  elements  from  their  compounds,  and, 
in  fact,  several  elements,  such  as  borax,  silicon,  aluminium,  and 
magnesium,  were  first  obtained  in  the  pure  state  by  heating  the 
chlorides  with  metallic  potassium  or  sodium. 

In  all  the  earlier  days  of  chemical  investigation  the  manipulation 
of  gases  had  offered  considerable  difficulties,  and  almost  down  to 
Robert  Boyle's  time  the  "volatile  spirits"  had  occupied  but  little 
attention,  but  when  the  means  of  collecting  air  and  other  gases  in 
jars  filled  with  water  began  to  be  practised,  the  different  kinds  of 
air  received  more  notice.  Priestley's  discoveries  especially,  and  his 
systematic  use  of  the  water  trough  and  the  mercurial  trough  for 
collecting  air,  gave  encouragement  to  this  branch  of  chemical 
inquiry. 

Dalton  devoted  some  years  to  the  study  of  atmospheric  air,  and  to 
various  gaseous  compounds,  such  as  the  oxides  of  nitrogen  and  the 
gas  from  ponds  (marsh  gas),  and  olefiant  gas.  It  is  therefore 
remarkable  that,  when  the  important  announcement  was  made  that 
gases  in  combining  together  unite  in  volumes  which  have  a  simple 
numerical  relation  among  themselves,  he  should  have  been  unwilling 
to  admit  the  truth  of  it.  This  observation  was  made  by  a  famous 
French  chemist,  Gay-Lussac  (b.  1778,  d.  1850),  twelve  years  younger 
than  Dalton,  and  the  contemporary  of  Davy.  In  a  memoir  pub- 
lished in  1808,  Ga3'-Lussac  gave  an  account  of  his  experiments  upon 
the  combination  of  gases  together,  and  the  conclusions  drawn  from 
them.  A  quarter  of  a  centur}'  earlier  Cavendish  had  shown  that 
oxygen  unites  with  hydrogen  in  the  i)roportion  of  one  measure  of  the 
former  to  two  measures  of  the  latter.  Uay-Lussac  and  Humbolt  had 
repeated  this  experiment  with  the  same  result,  and  Gay-Lussac 
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showed  that  ammonia  combines  with  an  equal  volume  of  hydrogen 
chloride  (muriatic  acid),  and  with  half  its  volume  of  carbonic  acid 
gas,  and,  by  referring  to  the  analysis  of  various  gases  by  other 
chemists,  he  was  able  to  show  that  gases  combine  in  simple  iirupor- 
tions  hy  measure,  such  as  1  to  1,  1  to  2,  1  to  3,  as  in  the  following 
examples  : — 

Ammonia  is  coniposecl  of  nitrogen  100  to  hydrogen  300  volumes. 
Nitrous  oxide  is  composed  of  nitrogen  100  to  oxygen   50  volumes. 
Nitric  oxide         ,,         ,,     nitrogen  100  to  oxygen  100 
Nitric  peroxide  contains        nitrogen  100  to  oxygen  200  ,, 

It  is  obvious  that  the  discovery  of  such  relations  as  these  really 
served  to  consolidate  the  basis  of  the  atomic  theory,  and  ouglit  to 
have  been  more  readily  acknowledged  than  they  were  by  Dalton. 
Another  conception  was,  however,  needed  to  render  clear  the  signi- 
ficance of  these  facts.  This  was  suj^plied  in  a  memoir  published  by 
an  Italian  physicist,  Avogadi'o,  in  1811.  He  tliere  enunciates  tlie  a^ooadro. 
important  hypothesis  that  "the  number  of  integral  molecules  in  any 
gases  is  always  the  same  for  equal  volumes,  or  always  proj^ortional 
to  the  volumes."  This  has  now  been  confirmed  abundantly  by  all 
subsequent  experience,  and  hence  is  generally  adojjted  as  one  of  the 
fundamental  iloctriues  of  Chemistry.  The  consequences  of  the 
application  of  this  doctrine  will  be  explained  more  in  detail  at  a 
later  stage.  If  this  statement  is  true,  it  is  obvious  that  there  must 
be  a  direct  relation  between  the  densities  of  gases  and  the  relative 
masses  of  the  molecules  of  which  they  are  composed. 

It  is  now  time  to  refer  to  the  work  of  the  great  Swedish  chemist 
Berzelius  (b.  1779,  d.  1848),  by  whose  labours  the  doctrine  of  definite  Berzei.ics. 
proportions  and  the  atomic  theory  of  Dalton  were  completed  and 
consolidated.  Berzelius  devoted  many  years  to  the  experimental 
determination  of  the  combining  proportions,  often  improperly  re- 
ferred to  as  the  atomic  Aveights,  of  the  more  important  elements,  and 
the  numbers  calculated  from  his  results  are  so  near  to  the  true  values 
that,  in  most  cases,  more  modern  investigations  have  led  to  only 
slight  alterations.  That  they  were  far  more  accurate  than  the  numbers 
given  by  Dalton  will  be  perceived  from  a  comparison  of  a  few  cases, 
such  as  the  following  : — 

Combining  weights  according  to 
JTame  of  Element.       Dalton.       Berzelius.      Modem  Researches. 
Nitrogen.  5  4-66  4 -08  (Stas). 

Oxygen.  7  8-0  7'98  ( Dumas). 

Suliihur,  13  16  06  16-03  (Stas). 

Lead.  95  103-57  103-45  (Stas), 

As  already  stated,  it  was  not  till  towards  the  end  of  the  eighteen  I  h 
century  that  the  Aveights  of  substances  employed  or  obtjiined  in  the 
course  of  chemical  experimenl.s  were  systematically  estimated,  ami 
the  foundations  of  quantitative  analysis  were  laid.  The  experiments 
of  Black  on  magnesia  and  lime  (p.  4),  many  of  the  investigations  of 
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Fig.  1. 


Lavoisier,  and  a  large  part  of  the  work  of  Dalloii  involved  the 
employment  of  scales  and  weights.  So  also  did  the  investigation  of 
the  composition  of  salts  by  Wenzel  and  Richter  and  by  Proust,  and 
the  analysis  of  minerals,  which  had  made  much  progress,  especially 
in  the  hands  of  a  German  chemist,  Klaproth.  But  the  scales  em- 
ployed up  to  this  time  by  the  chemist  had  been  usually  the  com- 
imratively  rough  instruments  used  by  the  apothecary  for  weighing 
out  medicines.  The  most  exact  operations  of  weighing  had  been,  of 
cnirse,  those  forming  part  of  the  process  of  assaying  the  precious 
metals  gold  and  silver.  When  the  importance  of  the  utmost  possible 
accuracy  in  chemical  analysis  became  ajiparent,  as  in  the  detern)ina- 

tion  of  combining  weights, 
the  balances  used  in  chem- 
ical laboratories  began  to 
be  greally  improved.  The 
theory  of  the  common  bal- 
ance is  ver}'  simple.  It 
consists  of  a  bar  or  lever 
supported  in  the  centre,  and 
liaving  at  each  end  a  pan, 
the  one  for  the  substance  to 
be  weighed,  the  other  for 
the  weights.  It  would  be 
unprofitable  to  attempt  to 
trace  the  various  improve- 
ments which  have  been 
gradually  introduced  in  the 
construction  of  the  instru- 
ment for  scientific  pur- 
poses :  we  must  be  content 
with  describing  a  modem 
balance,  such  as  is  now 
commonly  employed,  and 
Avhich  is  shown  in  figure  1. 
Tlie  beam  is  usually  of 
1  rass,  and  is  supported  cen- 
trally by  a  steel,  or  better, 
an  agate,  edge,  which  rests 
upon  a  polished  plane  of  the 
same  material.  The  loops  which  hold  the  pans  are  suspended  by 
similar  planes  and  edges,  so  as  to  provide  tlie  most  perfect  possible 
freedom  of  movement,  in  order  that  the  pans  may  always  hang 
vertically.  To  avoid  injury  to  the  steel  or  agate  edges,  the  beam 
rests,  when  the  balance  is  not  in  use,  upon  two  supports,  and  the 
edges  from  which  the  pans  depend  are,  at  the  same  time,  lifted  from 
their  planes.  Tiie  movements  of  the  beam  are  indicated  by  a  fine 
steel  inde.^,  which  is  attached  to  its  middle  ]ioint  and  moves  to  and 
fro  across  a  divided  ivory  scale.  The  instrument  is  enclosed  in  a 
glass  case,  not  only  to  preserve  it  from  dust  and  fumes,  but  to  avoid 
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the  influence  of  currents  of  air,  which  would  interfere  seriously  with 
its  indications. 

Theoretically  it  is  a  matter  of  no  importance  what  system  of 
weights  is  employed,  provided  each  weight  bears  a  definite  and 
known  relation  to  the  others ;  but  as  the  result  of  experience, 
chemists  generally  have  been  lecl  to  adopt  the  weights  of  the  French 
metric  system,  the  divi- 
sions of  which  are  decimal 
fractions  of  the  unit 
weight.  (See  Appendix 
Tables  IV.  and  V.)  The 
weights  used  in  analyt- 
ical work  are  made,  tiie 
larger,  of  polished  and 
gilded  brass,  the  smaller, 
of  aluminium  or  plat- 
inum, and  are  enclosed 
in  a  box  to  preserve 
them  from  injury.  Such 
weights  usually  range 
I'rom  50  grams  down  to 
1  centigram  or  '01  gram. 
One-tenth  or  one-hun- 
dredth of  this  weight  is 
u^sually  estimated,  not  by  a  weight  placed  in  the  jjan,  but,  more 
conveniently,  by  means  of  a  "rider"  of  gold  wire  weighing  1  centi- 
gram, which  can  be  deposited  upon  the  beam  at  any  of  the  divisions 
marked  upon  it.    Figure  2  shows  a  box  of  weights  of  the  i;sual  form. 

Berzelius  did  not  confine  his  attention  to  analytical  work. 
He  had  theories  concerning  the  cause  of  chemical  combination 
Avhich  were  for  some  years  generally  adopted  by  the  chemical  world, 
but  ultimately  were  overthrown,  and  have  only  been  revived  in 
recent  times  in  a  considerably  modified  form.  It  would  be  un- 
profitable to  attempt  at  this  stage  the  discussion  of  theories 
concerning  chemical  attraction,  but  we  must  remember  that 
Chemistry  is  indebted  to  Berzelius  for  another  proposal  which  has 
Ijeen  of  great  service  in  the  development  of  theoretical  Chemistry. 
Berzelius  introduced  the  system  of  symbols,  which,  since  his  time, 
has  been  almost  universally  employed  by  chemists.  The  alchemisis 
employed  fantastic  .symbols  which  were  apparently  designed  1u 
supply  mystery  rather  than  clearness.  Dalton  had  represented  his 
atoms  by  symbols  which  consisted  of  circles  having  arbitrary  marks 
upon  them,  to  distinguish  one  kind  from  another.  These,  liowever, 
would  he  troublesome  to  write,  and  do  not  exjilain  themselves  like 
the  symbols  of  Berzelius,  which  consist  of  the  initial  capital  letter 
of  the  name  of  the  element.  Thus,  H  represents  hydrogen, 
0  oxygen,  S  sulphur,  C  carbon,  Pb  (plumbum)  lead,  etc.,  and  tliese 
being  adopted  to  represent  one  atom  of  the  element,  the  composition 
of  a  compound  can  be  easily  expressed  by  writing  two  symbols  side 
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by  side,  adding,  as  may  be  necessary,  a  co-efRcient  to  indicate  the 
numlier  of  atoms  of  each  element.  To  e.xpress  hydrogen  chloride, 
for  example,  a  conqjound  of  hydrogen  and  chlorine,  the  formula 
HCl  is  used  ;  to  express  water  H2O,  ammonia  NH3,  sulphuric  acid, 
HgSO^,  etc.  This  matter  will  be  explained  in  more  detail  a  little 
later  {see  p.  16).  Since  the  days  of  Berzelius,  of  Dalton,  Davj',  and 
Gay-Lussac,  a  host  of  workers  has  arisen,  among  the  most  notable  of 
whom  should  be  mentioned  Liebig  and  Wohler,  in  Germany,  Dumas, 
Laiirent,  and  Gerhardt,  in  France,  Faraday  and  Gi'aham,  in  England, 
beside  many  others,  who,  like  them,  have  now  passed  away.  The 
science  of  Chemistry  has  made  immense  advances,  and  its  boundaries 
have  become  so  wide  that  the  entire  subject  is  beyond  the  capacity 
of  any  one  human  mind,  while  it  becomes  more  and  more  difficult 
to  determine  exactly  the  limits  which  divide  chemical  phenomena 
from  those  which  are,  perhaps,  only  mechanical  or  physical. 

The  science  of  Chemistry  has  still  for  its  primary  object  the 
study  of  the  materials  which  enter  into  the  composition  of  the 
earth,  the  sea,  and  the  air,  and  of  the  various  organised  and  living 
beings  which  inhabit  them,  but  it  is  no  longer  sufficient  to  determine 
composition.  The  aim  of  the  chemist  is  to  ascertain  the  relation  of 
composition  to  the  physical  properties  of  a  body,  and  the  study  of 
"  isomerism  "  has  led  to  still  greater  developments.  It  was  discovered 
about  1820  that  the  same  elements  united  in  the  same  proportions 
do  not  necessarily  give  rise  to  the  same  compound.  Bodies  having 
the  same  composition,  but  different  properties,  are  called  isomeric, 
and  the  study  of  isomeric  compounds  has  contributed  largely  to 
substantiate  the  view,  derived  originally  from  other  facts  and  con- 
siderations, that  it  is  possible  to  represent,  not  merely  the  nature  and 
the  number  of  the  atoms  entering  into  a  molecule,  bitt  the  order  in 
which  these  atoms  are  united  together,  and  even  to  conjecture,  with 
some  show  of  probability,  the  geometrical  arrangement  in  space  of 
the  particles  thus  united.  The  study  of  this  department  of  the 
science  is  called  "  Stereo-chenustry,"  but  this,  and  man)'  other 
theoretical  aspects  of  the  subject  must  be  postponed  till  the  student 
has  become  acquainted,  not  only  with  the  properties  of  the  chief 
elements,  but  with  the  origin,  properties,  and  metamorphoses  of 
those  very  numerous  compounds  of  carbon  which  are  usually  con- 
sidered together  under  the  title  "  Organic  Chemistry,"  a  subject 
which,  on  account  of  its  extent  and  complexity,  is  necessarih*  dealt 
with  in  separate  works. 

We  must  now  proceed  to  a  few  general  statements  and  explana- 
tions which  will  be  found  useful  in  the  chapters  folloM'ing,  in  which 
the  sources  and  properties  of  the  non-metallic  elements,  and  of  their 
chief  compounds,  are  described. 

The  elementfiry  bodies,  at  present  recognised,  are  upwards  of 
seventy  in  number,  and  about  fifty  of  them  belong  to  the  class 
of  metals.  Several  of  them  are  of  recent  discovery,  and  many  are  as 
yet  veiy  imperfectly  known.    The  distinction  between  metals  and 
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Table  op  Elements  with  their  Symbols  and 
Atomic  Weights. 
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non-metallic  substances,  altliougli  very  convenient  for  purposes  of 
description,  is  entirely  arbitrary,  the  two  classes  not  beiug  separated 
by  any  exact  line  of  demarcation. 

The  names  of  tlie  elements  are  given  in  the  foregoing  table. 
Opposite  to  them  in  the  third  column  are  placed  certain  numbers, 
which  express  the  proportions  in  which  they  combine  together,  or 
simple  multiples  of  those  proportions  ;  these  numbers,  as  already 
explained,  are  called  Atomic  Weights.  In  tlie  second  column 
are  placed  symbols  by  wliich  these  relative  weights  are  denoted  ; 
these  symbols  are  formed  of  the  first  letters  of  the  Latin  names  of 
the  elements,  a  second  letter  being  added  when  the  names  of  two  or 
more  elements  begin  with  the  same  letter. 

The  names  of  the  most  important  elements  are  distinguished  by 
the  largest  and  most  conspicuous  tyj^e  ;  tiiose  next  in  importance,  by 
small  capitals ;  while  the  names  of  elements  which  are  of  rare 
occurrence,  or  of  which  our  knowledge  is  still  imperfect,  are  printed 
in  ordinary  type.  The  names  with  an  asterisk  are  those  or  Non- 
metallic  Elements,  the  others  are  names  of  Metals  or  Metalloids. 

It  must  be  distinctly  understood  that  the  atomic  or  combining 
weights  assigned  to  the  elements  are  merely  relative.  The  number 
1  assigned  to  hydrogen  may  be  taken  to  represent  a  grain,  ounce, 
pound,  gram,  kilogram,  etc.,  and  the  numbers  assigned  to  the  other 
elements  will  then  represent  so  many  grains,  ounces,  pounds,  grams, 
kilograms,  etc.  Hydrogen  is  taken  as  the  unit  of  the  scale,  because 
its  combining  weight  is  smaller  than  tliat  of  any  other  element ; 
but  tills  is  merely  a  matter  of  convenience  ;  in  the  older  tables  of 
atomic  weights  that  of  oxygen  was  assumed  as  100,  that  of  carbon 
being  then  75,  tiiat  of  hydrogen  G"25,  etc.,  etc.  The  methods  by 
which  atomic  weights  are  determined  will  be  explained  in  detail 
after  the  non-metallic  elements  and  their  compounds  have  been 
described. 

By  the  combination  of  the  elements  in  various  proportions,  and 
in  groups  of  two,  three,  or  more  together,  all  compound  bodies  are 
2)roduced.  And  here  it  is  important  to  state  clearly  the  characters 
which  distinguish  definite  chemical  combination  from  mechanical 
mi.Kture,  and  from  that  kind  of  adlie.'^ion  which  gives  rise  to  the 
solution  of  a  solid  in  a  liquid.  Bodies  may  be  mi.xed  together  in 
any  proportion  whatever,  tlie  mi.\ture  always  exliibitiug  projierties 
intermediate  between  those  of  its  constituents,  and  in  regular  grada- 
tion, according  to  the  quantity  of  each  that  may  be  present,  as  may 
be  seen  in  the  fusion  together  of  metals  to  form  alloys,  in  the 
mixture  of  water  with  alcohol,  of  alcohol  with  ether,  and  of  different 
oils  one  with  the  other.  A  solid  body  may  also  be  dissolved  in  a 
liquid — salt  or  sugar  in  water,  ibr  example — in  any  proportion  up 
to  a  certain  limit,  the  solution  likewise  exhibiting  a  regular  gra- 
dation of  physical  properties,  according  to  the  quantity  of  the  solid 
taken  up.  But  a  true  chemical  compound  exhibits  properties 
totally  dilferent  from  those  of  either  of  its  constituent  elements,  and 
the  proportion  of  these  constituents  which  form  that  particular 
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compound  aLlniits  of  no  variation  whatever.  Water,  for  example, 
is  composed  of  two  elements,  oxygen  and  hydrogen,  which,  when 
separated  from  one  another,  appear  as  colourless  gases,  differing 
widely  in  their  properties  one  from  the  other,  and  from  water  in 
the  state  of  vapour  ;  moreover,  water,  whether  oljtaiiied  from  natural 
sources,  or  formed  by  direct  combination  of  its  elements,  always 
contains  in  100  parts  by  weight,  88-9  parts  of  oxygen  and  IM  of 
hydrogen.  Common  salt,  to  take  another  example,  is  a  compound 
oi'  chlorine  and  sodium,  the  former  of  which,  in  the  se|)arate  state, 
is  a  yellowish -green  gas,  the  latter  a  yellowish-white  highly  lustrous 
metal,  capable  of  burning  in  the  air,  and  decomposing  water  ;  more- 
over, from  whatever  part  of  the  world,  and  by  whatever  process,  the 
salt  may  be  obtained,  100  parts  of  it  invariably  contain  39  6  parts  of 
sodium  and  60"4  parts  of  chlorine.  Further,  when  two  or  more 
compounds  are  formed  of  the  same  elements,  there  is  no  gradual 
bleniling  of  one  into  the  other,  as  in  the  case  of  mixtures,  but  each 
compound  is  sharply  defined,  exhibiting  properties  distinct  from 
those  of  the  otliers,  and  of  the  elements  themselves  in  the  separate 
state.  Thus,  there  are  two  compounds  of  carbon  and  oxygen,  one  of 
which,  containing  3  parts  by  weight  of  carbon  with  4  of  oxygen,  is 
an  inflammable  gas,  lighter  than  atmospheric  air,  and  not  absorbed 
by  cold  solution  of  potash  ;  while  the  other,  v/hich  contains  3  parts 
of  carbon  and  8  of  oxygen,  is  non-inflammable,  heavier  than  air, 
and  is  easily  absorbed  by  potash. 


Distribution  of  the  Chief  Elements. 

0  x  y  g  e  n  is  the  most  widely  diffused  of  all  the  elementary  bodies. 
It  is  under  ordinary  circumstances  a  gas,  and,  mixed  with  nitrogen, 
constitutes  the  air  which  we  breathe.  In  combination  with  hydro- 
gen it  forms  water.  In  the  pure  state  it  is  a  colourless  inodorous  gas, 
in  which  inflammable  bodies,  such  as  wood,  oil,  sulphur,  etc.,  burn 
much  more  rapidly  than  in  common  air. 

Nitrogen,  the  other  chief  constituent  of  the  air,  is  also  a  colour- 
less gas,  non-iiifiammable,  and  differing  from  oxygen  in  not  being 
capable  of  maintaining  the  combustion  of  olher  bodies,  so  that  u 
lighted  taper  immersed  in  it  is  immediately  extingnisheil. 

Hydrogen,  the  other  constituent  of  water,  is  in  the  free  state 
also  a  gas,  and  is  the  lightest  of  all  known  bodies.  In  presence  of 
oxygen  or  common  air,  it  is  very  inflammable,  and  burns  with  a  pale 
blue  llanie,  producing  water. 

Carbon  is  a  constituent  of  all  vegetable  and  animal  substances, 
existing  therein  in  combination  either  with  hydrogoi  alone,  or  witii 
hydrogen  and  oxygen,  or  with  hydrogen,  oxygen,  and  nitrogen. 
When  separated  from  these  elements,  it  is  for  the  most  part  a  black 
solid  body,  well  known  under  the  names  of  charcoal,  coke,  lam]i- 
black,  anil  jilumbago,  or  black-lead.  It  occurs  also  natiu'ally  in  the 
pure  stale,  forming  transparent  crystals  known  as  diamond. 

Chlorine,  B  r  o  m  i  n  e,  and  Iodine  exist  in  .sea  water  (hence 
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called  Haloge7i-elements,  fi'om  o\r,  the  sea),  in  combination  chiefly 
with  sodium.  Chlorine  ia  the  free  state  is  a  yellowish-green  gJ^, 
bromine  a  red  Hqnid,  iodine  a  greyish-black  crystalline  solid.  Ot 
these  elements,  chlorine  is  by  far  the  most  abundant,  its  compound 
with  sodium  forming  common  sea-salt.  Fluorine  is  an  element 
closely  allied  in  its  chemical  relations  to  the  three  last  mentioned. 
In  combination  with  calcium  it  constitutes  the  crystallised  mineral 
called  fluorspar. 

Sulphur,  a  well-known  substance,  occurs  as  a  yellow  crystalline 
solid  in  volcanic  districts,  and  abundantly  in  various  parts  of  the 
world  in  combination  with  iron,  copper,  lead,  and  other  metals, 
formin<T  compounds  caUed  sulphides.  S  e  1  e  n  i  o  n  and  T  e  1 1  u  r  i  u  ni 
are  rare  elements,  allied  to  sulphur,  and  likewise  found  m  combina- 
tion with  metals.  TJIJ  U-l 

Phosphorus,  is  a  highly  inflammable  solid  body,  which 
burns  rapidly  in  contact  with  the  air,  being  converted,  by  combina- 
tion with  oxygen,  into  phosphoric  oxide,  a  compound  which,  m 
combination  with  lime,  occurs  very  abundantly  in  nature,  forming 
the  minerals  called  phosphorite  and  apatite,  and  is  the  chief  mineral 
constituent  of  the  bones  of  animals.  Arsenic,  sometimes  re- 
garded as  a  metal,  is  an  element  closely  allied  m  its  chemical 
relations  to  phosphorus,  and  occurring  in  nature  m  combination 
with  oxygen,  sulphur,  and  various  metals. 

Silicon  is  a  very  abundant  and  important  element,  not  occurring 
in  nature  in  the  free  state,  but  forming,  in  combination  with  oxygen, 
the  oxide  called  silica,  which  in  the  form  of  quartz,  flint,  and  sand- 
stone, and  as  a  constituent  of  granite,  gneiss,  and  other  ancient  rocks, 
forms  a  very  large  portion  of  the  crust  of  the  earth.  Boron,  an 
element  analogous  in  many  of  its  properties  to  silicon,  occurs  naturally 
in  combination  with  oxygen,  forming  boric  or  boracic  acid,  which  is 
a  constituent  of  several  minerals,  and  occurs  somewhat  abundantly 
in  solution  in  certain  natural  waters. 

Of  the  fifty-four  metals,  seven  only  were  known  in  ancient  times,  viz., 
iron,  copper,  lead,  tin,  mercury,  silver,  and  gold  ;  of  these,  by  far  the 
most  abundant  and  important  is  i  r  o  n.  Of  the  metals  more  recently 
discovered,  the  most  abundant  are  sodium,  potassium,  calcium,  and 
aluminium.  S  o  d  i  u  m,  as  already  observed,  ibrms,  in  combination 
with  chlorine,  the  chief  saline  constituent  of  sea-water.  P  o  t  a  s  s  i  ii  m, 
which  resembles  it  in  many  respects,  exists  also  in  the  sea,  and  is  a 
constituent  of  all  plants.  Calcium  is  the  metallic  constituent  ot 
limestone,  and  aluminium  of  clay. 

Chemical  Nomenclature  and  Notation.— The  names  of  the 
elements  exhibit  considerable  diversity  in  consequence  of  the 
retention  of  names  which  were  in  use  before  the  end  of  the  last 
century,  when  for  the  first  time  the  nature  of  the  several  classes  of 
elementary  substances  began  to  be  recognised.  Thus  we  have 
the  words  iron,  copper,  lead,  tin,  silver,  and  gold  which  are_  of  more 
or  less  ancient  origin,  while  bismuth,  zinc,  cobalt,  and  nickel  are 
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derived  from  more  modern  German  words.  The  only  uniformity 
of  usage  which  luis  generally  been  adopted  is  the  practice  of  iisin;' 
the  terminal  syllable  -iuni  in  framing  the  names  of  metals  dis- 
covered within  the  present  century.  Potassium  was  the  name 
given  by  Davy  to  the  metallic  basis  of  potash  and  sodium  to  that 
ot  soda,  while  aluminium,  magnesium,  barium,  strontium,  calcium, 
indium,  thallium,  etc.,  are  words  which  have  in  like  manner  been 
adopted  with  the  view  of  indicating-  the  metallic  character  of  these 
and  similar  elements. 

The  names  of  compounds  exhibit  greater  uniformity  and  are 
constructed  in  accordance  with  well  recognised  rules.  When  two 
elements  unite  together  to  form  a  compound  the  name  of  the 
metallic  or  electropositive  element  is  usually  written  first  and  is 
followed  by  the  name  of  the  non-metallic  component  having  its 
final  syllable  changed  into  -ide.  Thus  a  compound  of  oxygen  is 
called  an  oxide,  of  chlorine  a  chloride,  of  sulphur  with  hydrocren  or 
metal  a  sulphide  and  so  forth.  The  systematic  name  of  lime  for 
example  would  be  calcium  oxide,  of  common  salt,  sodium  chloride. 
The  symbols  used  to  represent  atomic  proportions  of  the  elements 
are  employed  in  a  like  order,  so  that  lime  would  be  expressed  by 
the  formula  CaO,  and  common  salt  by  the  formula  NaCl. 

When  two  elements  unite  together  in  several  proportions 
according  to  the  law  of  multiples  (p.  6)  a  system  of  latin,  or  more 
usually  greek  numeral  prefixes  is  employed  to  indicate  the  composi- 
tion, and  these  correspond  to  the  figures  which  are  used  in  the 
tormiila.  The  following  examples  serve  sufliciently  to  explain  the 
use  of  both  name  and  formula. 


Name. 


Barium  monoxide, 
Barium  dioxide, . 


Oxides  of  Barium, 

Foiimila. 

BaO, 
BaOj, 


Composition. 
Bai'ium.  Oxygen. 
137        +  16 
137       +  32 


Sulphides  of  Potassium. 

Formula.  Composition. 

-r>  ,     ■                                                 Potassium.  Sulphur. 

Fotassiuni  monosulphide,  .  78  -f-  32 

Potassium  di.sulphide,  .  K„So,  78  +  64 

Potassium  trisulphide,  .  K.^Sj,  78  -)-  96 

Potassium  tetrasulphide,  .  K^S^,  78  -f  123 

Potassium  pentasulphide,  .  K.Sj,  78  +  160 

It  sometimes  happens  that  the  number  of  atoms  is  not  known,  or 
lor  various  reasons  it  is  undesirable  to  attempt  to  express  the 
number  in  this  fashion  in  the  name.  In  that  case  it  is  preferable  to 
inaicate  by  the  termination  the  relative  proportions  of  the  negative 
element,  always  reserving  the  syllable  -ic  for  the  compound  which 
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contains  the  larger  proportion  of  this  element,  and  tlie  syllable  -ous 
for  that  which  contains  the  smaller  proportion.  Thus, 


Name. 

Nitrous  oxide 
Nitric  oxide 


Oxides  of  Nitrogen. 

Formula. 

N„0, 
NO, 


Composition. 
Nitrogen.  Oxyyeu. 
28        +  16 
14        +  16 


Name. 

Ferrous  chloride, 
Ferric  cliloride,  . 


Chlorides  of  Iron. 

Tormula. 

FeClj, 
.  FeCls, 


Composition. 
Iron.  ChUorine. 
56        +  70-S 
56        +  106-2 


The  acids  or  hydrogen  salts  are  distinguished  by  a  similar  nomen- 
clature. Thus  we  have  two  acids  containing  hydrogen,  sulphur,  and 
o.xygen,  which  are  distinguished  by  the  names  snljjhurous  and 
sulphuric  acids,  of  which  the  latter  contains  the  larger  proportion 
of  oxygen.  In  this  and  other  series,  however,  it  often  happens  that 
there  are  other  compounds  which  contain  either  a  larger  or  a  smaller 
proportion  of  oxygen  than  the  two  most  important  terms,  and  these 
it  is  customary  to  distinguish  by  the  prefixes  hypo  and  per  (greek 
vTTo  under,  per  from  virhp  over).  The  following  series  will 
sufficiently  explain  the  application  of  this  system. 


Name.  Formula. 

Hypochloroiis  acid,  .  HCIO, 

Chlorous  acid,  .  .  HCIO.,, 

Chloric  acM,    .  .  HCIO^, 

Perchloric  acid,  HCIO., 


Hydrogen. 
1 
1 
1 
1 


Composition. 
Chlorine.  O.xygen. 


35-4 
35-4 
35-4 
35-4 


16 
32 
48 
64 


The  salts  formed  by  the  replacement  of  the  hydrogen  in  the  acid 
by  a  metal  would  receive  similar  names,  the  termination  -ic  being 
exchanged  for  -ate  and  the  syllable  -ous  for  -ite  as  in  the  following 
example,  which  exhibits  the  names  of  the  potassium  salts  derived 
from  the  foregoing  series  of  acids. 


Name. 


Forniula. 


Potassium  hypochlorite,  KCIO, 

Potassium  chlorite,  KClOo, 

Potassium  chlorate,  KCIO.,, 

Potassium  perchlorate,  KCIO^, 


Potassium. 
3!) 
39 
39 
39 


Composition. 
Clilorine.  O.vyiien. 


35-4 
35-4 
35-4 
35-4 


16 
32 
43 
64 


The  multiplication  of  a  group  of  dissimilar  atoms  is  denoted  by 
placing  a  numeral  to  the  left  of  the  group  of  syml)ols,  thus,  3liCl 
denotes  3  molecules  of  liydrogen  chloride  ;  2H2SO4  stands  for  2 
molecules  of  hydrogen  sulphate. 

The  combination  of  two  groups  or  molecules  is  indicated  by  placing 
their  symbols  in  juxtaposition,  with  a  point  between  them  :  thus 
ZuO.SOj  denotes  a  compound  of  zinc  oxide  with  sulphur  trioxide  ; 
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KoO-HjO,  a  compound  of  potassium  oxide  with  hydrogen  oxide  or 
water.  '  Sometimes  the  sign  +  is  used  instead  of  the  point,  but  the 
sign  of  addition  is  best  and  more  commonly  employed  to  signify 
mixture  of  two  substances  ratlier  than  chemical  combination  between 
them.  To  express  the  multiplication  of  such  a  group,  the  whole 
is  enclosed  in  brackets,  and  a  numeral  placed  on  the  left ;  e.g., 
2(ZnO.S03) ;  3(K20.H20),  etc.  If  the  brackets  were  omitted,  the 
numeral  would  aft'ect  only  the  .symbols  to  the  left  of  the  point ;  thus 
3K.1O.H2O  signifies  3  potassium  oxide  and  1  water,  not  3  potassium 
oxide  and  3  water.  The  neglect  of  this  distinction  often  leads  to 
considerable  confusion  in  chemical  notation. 

Chemical  Equations. — The  greater  number  of  chemical  changes 
consist  either  in  the  direct  addition  or  separation  of  elements,  or  in 
exchange  of  elements  between  interacting  bodies,  the  latter  being  by 
far  the  most  frequent  form  of  chemical  change. 

Chemical  reactions  may  be  represented  symbolically  in  the  form 
of  equations,  the  symbols  of  the  reacting  substances  being  placed  on 
the  left  hand,  and  those  of  the  new  substances  resulting  from  the 
change,  on  the  right :  for  example — 

1.  Resolution  of  mercuric  oxide  by  heat  into  mercury  and 
oxygen— 

2HgO  =  2Hg  +  O2. 

2.  Resolution  of  manganese  dioxide  by  heat  into  manganoso- 
manganic  oxide  and  oxygen — 

SMnOg  =  MugO^  +  O2. 

3.  Action  of  zinc  on  hydrogen  chlqride,  producing  zinc  chloride 
and  free  hydrogen — 

2HC1  +  Zn  =  ZnClj  +  Hg. 

4.  Action  of  zinc  oxide  on  hydrogen  chloride  or  hydrogen  sul- 
phate, producing  zinc  chloride  or  zinc  sulphate  and  water — 

2HC1  +  ZnO  =  ZnCla  +  Ufi, 

and 

H2SO4  +  ZnO  =  ZnSOi  +  HgO. 

5.  Action  of  sodium  carbonate  on  calcium  chloride  producing 
sodium  chloride  and  calcium  carbonate — 

NaaCOa  +  CaClg  =  2NaCl  +  CaCOg. 

It  need  scarcely  be  observed  that  the  test  of  correctness  of  such 
an  equation  is,  that  the  number  of  atoms  of  each  element  on  one  side 
should  1)6  equal  to  the  number  of  atoms  of  the  same  element  on  the 
other  side. 

Any  such  symbolical  equation  may  be  converted  into  a  numerical 
equation,  by  .substituting  for  each  of  the  chemical  symbols  its 
numerical  value  from  the  table  of  atomic  weights.    Thus,  in  the  last 
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equation  NooCOg  stands  for  23x2  +  12  +  16x3,  or  106  parts  by- 
weight  of  sodium  carbonate;  while  CaClg  represents  40  +  35'4x2, 
or  llO'S  parts  by  weight  of  calcium  chloride  :  these,  by  their  inter- 
action, produce  (23  +  35'4)x2,  or  116'8  parts  of  sodium  chloride,  and 
40  + 12+ 16  X  3,  or  100  parts  of  calcium  carbonate.  Thus,  106+110-8 
parts  of  materials  yield  116-8  +  100  j)arts  by  weight  of  products,  that 
is,  an  equal  weight. 

Tlie  laws  of  chemical  action  and  their  expression  by  symbols  and 
equations  will  receive  abundant  illustration  in  the  special  descrip- 
tions which  follow  ;  their  general  consideration  will  also  be  more 
fully  developed  in  a  subsequent  part  of  the  work. 
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CHEMISTRY  OF  THE  NON-METALLIC  ELEMENTS. 

HYDROGEN. 

Symbol,  H.    Atomic  weight,  1.    Density,  1. 

Hydrogen  is  known  in  the  uncombined  state  as  a  colourless 
inflammable  gas  existing  among  the  emanations  of  volcanoes  and 
pent  up  under  pressure  in  minute  cavities  distributed  generally 
throughout  granite,  gneiss,  and  many  crystalline  rocks  belonging  to 
the  oldest  geological  formations,  as  well  as  more  recent  volcanic 
rocks.  There  is  also  little  doubt  that  hydrogen  exists  in  large 
quantity  in  the  sun  and  in  many  stars.  On  the  earth  it  chiefly 
exists  in  the  form  of  its  oxide,  water.* 

Expei-iment. — Take  a  piece  of  iron  gas  pipe,  \  inch  in  diameter  and 
about  1  foot  long,  which  has  been  cut  off'  smoothly  at  each  end.  Fit 
into  each  extremity  a  cork,  through  which  passes  air-tight  a  short 
piece  of  glass  tubing.t  Now  introduce  into  the  iron  tube  a  quantity 
of  small  nails,  so  that  they  may  occupy  aljout  4  inches  in  the  middle 
of  the  tube.  Support  the  tube  at  each  end,  so  that  by  means  of  two 
large  Bunsen  burners  the  part  containing  the  nails  may  be  heated  to 
redness.  When  the  tube  is  as  hot  as  possible,  attach  one  extremity 
to  a  tube  leading  from  a  flask  or  tin  can  containing  water  kept  boil- 
ing, so  that  a  current  of  steam  may  be  made  to  traverse  the  heated 
nails.  The  connection  is  best  made  by  a  piece  of  rubber  tubing,  and 
by  a  short  length  of  the  same  material  the  steam  which  issues  from 
the  further  extremity  of  the  tube  may  be  conveyed  into  a  basin  of 
water.  It  will  then  be  found  that  the  whole  of  the  steam  is  not  con- 
den.sed  ;  bubbles  of  gas  rise  and  escape.  If  now  a  test-tube  or  small 
jar  is  filled  with  water  and  inverted  over  the  escape-tube,  the  gas  Mill 
rise  into  the  jar  and  gradually  displace  the  water.  The  gas  is  hydro- 
gen. On  lifting  the  jar  when  filled  with  gas  and  applying  a  flame, 
the  gas  takes  fire  and  burns  with  a  scarcely  visible  light.  The  nails 
will  be  found  to  be  encrusted  with  a  dark  coloured  oxide  of  iron,  the 

*  Hence  the  name,  from  uowp,  w.ater,  and  yev,  a  root  signifying  production. 

t  A  little  practice  will  soon  enable  the  student  to  construct  and  arrange  a 
variety  ol'  useful  forms  of  apparatus.  Glass  tube  may  be  cut  by  scratcliiug 
with  a  file,  and  then  applying  a  little  force  with  lioth  hands.  It  may  bo 
.sol'teiied  and  bent,  when  of  small  dimensions,  by  the  flame  of  a  spiiit-lamp, 
or  by  a  gas  jet.  Corks  may  be  perforated  by  a  heated  wire,  and  the  hole 
rendereil  smooth  and  cylindrical  by  a  round  file  ;  or  a  cork-boror  may  be 
Used.  Complete  instructions  for  glass  working  may  be  found  iu  Shenstone'.s 
"  Olass-Blowing." 
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composition  of  wliich  is  expressed  by  tlie  formula  Fe304.  The  fol- 
lowing figure  shows  the  disposition  of  the  apparatus  : — 


Hydrogen  is,  however,  more  easily  obtained  b}^  decomposing  hydro- 
chloric or  dilute  sulphuric  acid  with  zinc,  the  metal  then  displacing 
the  hydrogen  and  forming  a  compound  with  the  elements  previously 
united  with  the  hydrogen.  Thus  when  hydrochloric  acid  is  used, 
32 '5  parts  of  zinc  are  dissolved  for  every  1  part  by  weight  of  hydro- 
gen obtained,  or  1  atom  of  zinc  (atomic  weight,  65)  takes  the  place 
of  2  atoms  of  hydrogen  (atomic  weight,  1),  and  b}^  combining  with 
the  chlorine,  produces  a  molecule  of  zinc  chloride.  This  is  shown 
by  the  equation  already  given  (page  19). 

Zinc  has  no  action  upon  sulphuric  acid  unless  heated  or  diluted 
with  water.  In  the  former  case  a  somewhat  complicated  action 
occurs,  and  no  hydrogen  is  obtained.  In  the  latter  case  the  action 
may  be  expressed  by  the  following  equation  : — 

H2SO4.H2O  -t-  Zn  =  ZnSO^.HgO  -1- 

or 

HjSOg    +  Zn  =  ZnHoSOj    -I-  Hj. 

The  simplest  method  of  preparing  the  gas  is  the  following  : — 
Experiment. — A  two-necked  bottle  is  fitted  with  sound  corks  per- 
forated by  holes  for  the  reception  of  a  small  tube-funnel  reaching 
nearly  to  the  bottom  of  the  bottle,  and  a  piece  of  bent  glass  tube  to 
convey  away  the  disengaged  gas  (as  shown  in  figure  4).  Granulated 
zinc,  or  scraps  of  the  sheet  metal,  are  pui  into  the  bottle,  together 
with  a  little  water,  and  sulphuric  acid  slowly  added  by  the  funnel, 
the  point  of  which  should  dip  into  the  liquid.  The  evolution  of 
gas  is  easily  regulated  by  the  supply  of  acid  ;  and  when  enough  has 
been  discharged  to  exj^el  the  air  of  the  vessel,  it  may  be  collected  over 
water  in  ajar,  or  passed  into  a  gas-holder*.  In  the  absence  of  zinc, 
filings  of  iron  or  small  nails  may  be  used,  but  with  less  advantage. 

Hydrogen  is  colourless,  tasteless,  and  inodorous  when  quite  pure. 
To  obtain  it  in  this  condition,  it  must  be  prepared  from  the  purest 
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zinc*  that  can  be  obtained,  and  passed  in  succession  throngli  solu- 
tions of  potash  and  silver  nitrate.  AVhen  prepared  irom  commercial 
zinc,  it  has  a  slight 
smell,  due  to  impur- 
ity, and  -when  iron 
has  been  used,  the 
odour  is  very  strong 
and  disagreeable.  It 
is  inflammable,  and 
burns,  when  kindled, 
with  a  pale  bluish 
flame,  evolving  much, 
heat,  but  very  little 
light.  The  product 
of  the  combustion  is 
Avater. 

Experiment. — Hav- 
ing collected  a  jar  full 
of  hydrogen,  lift  it 
from  the  water,  keeping  the  mouth  downwards.  Now  push  up  into 
the  gas  a  lighted  taper.  The  flame  of  the  taper  will  be  put  out,  but 
the  gas  will  burn  at  the  mouth  where  it  meets  the  air. 

Experiment. — Fill  a  wide-mouthed  bottle  or  jar  with  water,  invert 
it  in  the  trough  and  allow  hydrogen  to  enter  till  somewhat  less  than 
one-third  of  the  water  has  been  displaced.  Then  lift  the  jar  so  that 
air  takes  the  place  of  the  remaining  water.  Close  the  jar  with  a  glass 
plate  and  shake  it  up  and  down  once  or  twice.  Then  remove  the  plate 
and  instantly  apply  a  flame.  A  sharp  explosion  follows.  From  this 
experiment  we  learn  that  it  is  dangerous  to  apply  a  light  to  the  escape 
tube  of  the  generating  apparatus  till  time  has  been  allowed  for  the 
hydrogen  to  drive  out  the  whole  of  the  air,  inasmuch  as  the  explo- 
sion which  would  certainly  follow  might  be  sufficiently  powerful  to 
burst  the  bottle. 

Experiment. — It  may  now  be  supposed  that  since  several  jars  of 
hydrogen  have  been  collected  and  tested,  the  air  has  been  completely 
expelled  from  the  apparatus.  Remove  the  delivery  tube  from  which 
the  gas  escapes  into  the  water  and  substitute  for  it  a  small  U-shaped 
drying  tube  containing  some  broken  glass  or  pumice-stone  wetted 
with  strong  sulphuric  acid.  This  substance  absorbs  moisture  very 
quickly,  and  if  the  hydrogen  is  now  allowed  to  pass  through  this 
tube,  the  water  vapour  which  it  brings  with  it  will  be  retained  by  the 
sulphuric  acid,  and  the  gas  will  escape  from  the  extremity  quite  dry. 

If  tlie  issuing  jet  of  gas  is  ignited,  it  will  burn  with  a  hot  but 
scarcely  visible  flame.  A  cold  glass  held  over  it  becomes  covered 
Avith  dew,  and  if  a  flask  filled  with  cold  water  be  suspended  a  lew 

*  When  very  pure  /.inc  is  used,  tlie  action  of  tlie  acid  is  very  slow.  If  tliis  is 
found  to  be  the  case,  the  aiMition  of  a  few  drops  of  solution  of  copjicv  sulphate 
or  of  platinic  chloride  to  the  contents  of  the  bottle  will  promote  the  action 
without  affecting  tlie  purity  of  the  gas. 


24 


COLLECTION  OF  GASES. 


inches  above  the  flame,  it  will  speedily  collect  upon  the  outside  drops 
of  water  formed  by  the  combination  of  the  burning  hydrogen  with 
the  oxj'gen  of  the  air. 

Hydrogen  is  the  lightest  substance  known,  its  density  being  '0693, 
referred  to  that  of  air  as  unity.  The  weight  of  a  litre  of  hydrogen 
at  0°  C,  and  under  a  barometric  pressure  of  0"760  metre,  is  0'0896 
gram  ;  consequently  a  gram  of  hydrogen  occupies  a  space  of  ITIG 
litres.*  At  60°  F.,  and  30  inches  barometric  pressure,  100  cubic 
inches  weigh  2"14  grains.  Its  coefficient  of  solubility  in  water 
is  -019. 

Hydrogen  is  liquefiable  by  cold  and  pressure  ;  the  liquid  boils  at 
about  —  243°,  under  atmospheric  pressure. 

Soap-bubbles  and  small  collodion  balloons  ascend  when  filled  with 
hydrogen.  Hydrogen  was  formerly  used  also  for  filling  air-balloons, 
being  made  for  the  purpose  on  the  spot  from  zinc  or  iron  and  dilute 
sulphuric  acid ;  but  its  \rse  is  now  superseded  by  that  of  coal  gas, 
which  may  be  made  very  light  by  employing  a  high  temperature 
in  the  manufacture.  Although  far  inferior  to  pure  hydrogen  in 
buoyant  power,  it  is  found  in  practice  to  possess  advantages  over  that 
substance,  while  its  greater  density  is  compensated  by  increasing  the 
size  of  the  balloon. 


Collection  and  Preservation  of  Gases. 

Experiment. -^When  a  gas  is  much  lighter  or  much  heavier  than 
atmospheric  air,  it  may  often  be  collected  and  examined  without 
the  aid  of  the  water  trough.  A  bottle  or  narrow  jar 
may  be  filled  with  hydrogen  without  much  admixture 
of  air,  by  inverting  it  over  the  extremity  of  an  upright 
tube  delivering  the  gas.  In  a  short  time,  if  the  supply 
be  copious,  the  air  will  be  wholly  displaced,  and  tlie 
vessel  filled.  It  may  now  be  removed,  the  vertical 
position  being  carefully  retained,  and  closed  by  a 
stopper  or  a  glass  plate.  If  the  mouth  of  the  jar  be 
wide,  it  must  be  partially  closed  by  a  piece  of  card- 
board during  the  operation.  This  method  of  collecting 
gases  by  displacement  is  often  extremely  useful. 

The  vessel  of  water  employed  for  the  collection  of 
gases  which  do  not  dissolve  in  water  is  usually  spoken 
of  as  the  pneumatic  trough.  It  may  be  made 
of  any  material  or  of  any  dimensions  to  suit  the  nature 
of  the  experiment  and  the  quantity  of  g;is  which  is  to 
be  collected.  AVhen  large  jars  are  employed,  it  is  necessary  to  pro- 
vide a  shelf  upon  which  they  can  rest,  with  the  mouth  just  below  the 
surface  of  the  water. 

For  storing  and  retaining  larger  quantities  of  gas  Pepys'  gas-holder 
is  very  convenient.    It  consists  of  a  drum  or  reservoir  of  metal  or  of 

*  As  a  ne.ir  approximation,  it  may  lie  remembererl  that  a  litre  of  hydrogen 
weighs  0"09  gram,  or  9  centigrams,  and  a  gram  of  liyilrogen  occupies  11 '2  litres. 
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glass,  snrmountecl  by  a  shallow  trongli  or  cistern,  as  shown  in  fig.  C, 
tlie  communication  between  the  two  being  made  by  a  couple  of  tubes 
furni.shed  with  stop-cocks,  one  ot 
which  passes  nearly  to  the  bottonr 
of  the  drum.  A  short  wide  open 
tube  is  inserted  oblic^uely  near 
the  bottom  of  the  vessel,  into 
which  a  ping  may  be  tightly 
screwed.  A  stop-cock  near  the 
top  serves  to  transi'er  gas  to  a 
tube-apparatus.  A  glass  water- 
gauge  affixed  to  the  side  of  the 
drum,  and  communicating  with 
both  top  find  bottom,  indicates 
the  level  of  the  liquid  within. 

To  use  the  gas-holder,  the  plug 
is  first  to  be  screwed  into  the 
lower  opening,  and  the  drum 
completely  filled  with  water.  All 
three  stop-cocks  are  then  to  be 
closed  and  the  plug  removed. 
The  pressure  of  the  atmosphere 
retains  the  water  in  the  gas- 
liolder,  and  if  no  air-leakage 
occurs,  very  little  water  escapes. 
The  extremity  of  the  delivery- 
tube  is  now  to  be  well  pushed 
througli  the  open  aperture  into 

the  drum,  so  that  the  bubbles  of  gas  may  rise  without  hindrance  to 
the  upper  part,  displacing  the  water,  which  flows  out  in  the  same  pro- 
portion into  a  vessel  placed  for  its  reception,  or  into  a  sink.  When 
the  drum  is  filled,  or  enough  gas  has  been 
collected,  the  tube  is  withdrawn,  and  the 
plug  screwed  into  its  place. 

When  a  portion  of  the  gas  is  to  be 
transferred  to  a  jar,  the  latter  is  to  be 
filled  with  water  at  the  pneumatic  trough, 
carried  by  the  help  of  a  basin  or  plate  to 
the  cistern  of  the  gas-holder,  and  placed 
over  the  shorter  tube.  On  opening  the 
cock  of  the  neighbouring  tube,  the  column 
of  water  will  cause  compression  of  the  gas, 
so  that,  on  gently  turning  the  cock  beneath 
the  jar,  it  will  ascend  into  the  latter  in  a 
rapid  stream  of  bubbles.  The  jar,  when  filled,  may  again  have  the 
plate  slipped  beneath  it,  and  may  then  be  easily  removed. 

The  use  of  gas-holders  for  laboratory  purposes  has  lieoome  less 
common  of  late  years,  in  consequence  of  the  manufacture  upon 
a  large  scale  of  several  important  gases,  such  as  oxygen,  hydrogen, 


Fig.  7, 
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and  carbon  dioxide,  and  storage  of  them  in  cylindrical  steel  bottles, 
into  which  they  are  forced  by  powerful  compressing  pumps. 

General  Properties  of  Gases. 

It  requires  some  little  abstraction  of  mind  to  realise  completely  the 
condition  in  whicli  all  things  at  the  surface  of  the  earth  exist.  We 
live  at  the  bottom  of  an  immense  ocean  of  gaseous  matter,  which 
envelops  everytliiug,  and  presses  upon  everything  with  a  force 
which  appears,  at  first  sight,  perfectly  incredible,  but  whose  actual 
amount  admits  of  easy  proof. 

Gravity  being,  so  far  as  is  known,  common  to  all  matter,  it  is 
natural  to  expect  that  gases,  being  material  substances,  should  be 
acted  upon  by  the  earth's  attraction,  as  \ve\\  as  solids  and  liquids. 
This  is  really  the  case,  and  the  result  is  the  Aveight  or  pressure  of 
the  atmosphere,  which  is  nothing  more  than  the  effect  of  the  attrac- 
tion of  the  earth  on  the  particles  of  air. 

Gases,  of  which  common  air  and  hydrogen  are  examples,  are  in  the 
highest  degree  elastic  ;   the  volume  or  space  which  a  gas  occupies 

depends  upon  the  pressure  exerted  upon 
Fig.  8.  it.    Let  the  reader  imagine  a  cylinder, 

a,  closed  at  the  bottom,  in  which  moves 
a  piston  air-tight,  so  that  no  air  can 
escape  between  the  piston  and  the 
cylinder.    Suppose  now  the  piston  be 
pressed  downwards  with  a  certain  force ; 
f  the  air  beneath  it  will  be  compressed 
into  a  smaller  bulk,  the  amount  of  this 
compression  depending  on  the  force 
applied  ;   if  the   power  be  sufficient, 
jjl    the  bulk  of  the  gas  may  be  thus 
m    diminished  to  one  hundredth  part  or 
less.    When  the  pressure  is  removed, 
the  elasticity  or  tension,  as  it  is  called, 
of  the  included  air  or  gas,  will  innne- 

 I    diately  force  up  the  piston   until  it 

arrives  at  its  first  position. 
Again,  take  fig.  8,  b,  and  suj^pose 
the  piston  to  stand  about  the  middle  of  the  cylinder,  having  air 
beneath  in  its  usual  state.  If  the  piston  be  now  drawn  upwards, 
the  air  below  will  expand,  so  as  to  fill  completely  the  increased 
space,  and  this  to  an  apparently  unlimited  extent.  A  volume 
of  air,  which,  under  ordinary  circumslances,  occupies  the  bulk  of 
a  cubic  inch,  might,  by  the  removal  of  the  pressure  upon  it,  be 
made  to  expand  to  the  cai)acity  of  a  whole  room,  while  a  renewal 
of  the  former  pressure  would  be  attended  by  a  shrinking  down 
of  tlie  air  to  its  former  bulk.  Tlie  smallest  portion  of  gas  intro- 
duced into  a  large  exliausted  vessel  becomes  at  once  diffused  througli 
the  whole  space,  an  equal  quantity  being  present  in  every  part ; 
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the  vessel  is  full  althongli  the  gas  is  in  a  state  of  extreme  tenuity. 
Tills  power  of  expansion  which  air  possesses  may  have,  and  probably 
has,  in  reality,  a  limit ;  but  the  limit  is  never  reached  in  practice. 
We  are  quite  safe  in  the  assumption,  that  for  all  j,.jg  g 
ordinary  purposes  of  experiment  air  is  perfectly 
elastic. 
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Relations  Tjetween  Pressure,  Elasticity, 
and  Volume  of  Gases. — It  will  now  be  neces- 
sary to  consider  a  most  important  law  which  con- 
nects the  volume  occupied  by  a  gas  with  the 
pressure  made  upon  it,  and  is  thus  expressed  : — 

The  volume  of  gas  is  inversely  as  the  pressure  ; 
the  density  and  elastic  force  are  directly  as  the 
pressure,  and  inversely  as  the  volume. 

For  instance,  100  cubic  inches  of  gas  under  a 
pressure  of  30  inches  of  mercury  would  expand 
to  200  cubic  inches  were  the  pressure  reduced 
to  one-half,  and  shrink,  on  the  contrary,  to  50 
cubic  inches  if  the  original  pressure  were  doubled. 
The  change  of  density  must  necessarily  be  in 
inverse  proportion  to  that  of  the  volume,  and  the 
elastic  force  follows  the  same  rule. 

Tlie  law  of  Boyle  (1661),  sometimes  called  the 
law  of  Mariotte,  is  easily  verified  by  experiment. 
A  glass  tube  about  7  feet  long  is  closed  at  one 
end,  and  bent  into  the  form  represented  in  fig.  9, 
the  open  limb  of  the  syphon  being  the  longer.  It 
is  next  attached  to  a  board  furnished  with  a 
movable  scale  of  inches,  and  enough  mercury  is 
introduced  to  fill  the  bend,  the  level  being 
evenly  adjusted,  and  marked  upon  the  board. 
Mercury  is  now  poured  into  the  tube  until  the 
enclosed  air  is  reduced  to  one-half  of  its  former 
volume  ;  and  on  applying  the  scale,  it  will  be 
found  that  the  level  of  the  mercury  in  the  open 
part  of  the  tube  stands  very  nearly  30  inches 
above  that  in  the  closed  portion.  The  pres- 
sure of  an  additional  "atmosphere"  has  con- 
sequently reduced  the  bulk  of  the  contained  air 
to  one-half.  If  the  experiment  be  still  continued 
until  the  volume  of  air  is  reduced  to  a  third,  it 
will  be  found  that  the  column  measures  60 
inches,  and  so  in  like  proportion  as  far  as  the 
experiment  is  carried. 

The  above  instrument  is  better  adapted  for  illustration  of  the 
principle  than  for  furnishing  rigorous  proof  of  the  law.  This  has, 
however,  been  done.  Arago  and  Dulong  published,  in  the  year 
1830,  an  account  of  experiments  made  by  them  in  Paris,  in  which 
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the  law  ill  question  had  heen  verified  to  the  extent  of  twenty -seven 
atmospheres.  With  rarefied  air  also,  of  whatever  degree  of  rarefac- 
tion, the  law  has  been  found  true. 

All  gases  are  alike  subject  to  this  law,  and  all  vapours  of  volatile 
liquids,  when  remote  from  their  points  of  liquefaction.*  It  is  a 
matter  of  the  greatest  importance  in  practical  chemistry,  since  it 
gives  the  means  of  making  corrections  for  pressure,  or  determining 
by  calculation  the  change  of  volume  which  a  gas  would  suffer  by 
any  given  change  of  external  pressure. 

Let  it  be  required,  for  example,  to  solve  the  following  problem  : — 
We  have  100  cubic  inches  of  gas  in  a  graduated  jar,  the  barometer 
standing  at  29  inches  ;  how  many  cubic  inches  will  it  occupy  when 
the  column  rises  to  30  inches  ?  Now  the  volume  must  be  inversely 
as  the  pressure  :  consequently  a  change  of  j^ressure  in  the  proportion 
of  29  to  30  must  be  accompanied  by  a  change  of  volume  in  the  pro- 
portion of  30  to  29,  the  30  cubic  inches  of  gas  contracting  to  29  cubic 
inches  under  the  conditions  imagined.    Hence  the  answer — 

30  :  29  =  100  :  96-67  cubic  inches. 

The  reverse  of  the  operation  will  be  obvious.  The  student  will  do 
well  to  familiarise  himself  with  the  calculation,  of  correction  for 
pressure. 

Relation  between  Temperatui-e  and  Volume. — It  has  been 
shown  that  a  given  increase  or  diminution  of  pressure,  when  applied 
to  a  gas,  produces  a  far  greater  change  of  volume  than  would  be  pro- 
duced under  the  same  circumstances  in  any  solid  or  liquid.  The 
volume  of  a  given  mass  of  a  gas  is  also  affected  by  change  of  tempera- 
ture to  a  much  greater  extent  than  the  volume  of  any  solid  or 
ordinary  liquid  by  the  same  change  of  temperature.  Formerly  it 
was  supposed  that  all  gases  expand  at  the  same  rate  when  heated 
(Law  of  Gay-Lussac).  This,  however,  although  approximately  true, 
is  not  strictly  so,  and  the  rate  of  expansion  of  each  gas  is  properly 
represented  by  a  coefiicient  which  is  peculiar  to  itself,  as  is  the  case 
with  solids  and  liquids.  The  following  numbers,  for  example,  repre- 
sent the  increase  in  the  bulk  of  1  volume  of  each  gas  for  a  rise  of 
temperature  from  0°  to  1°  centigrade. 

Coefficients  of  Eximnsion  for  1°  C. 

Air,   -003665 

Hydrogen,   -003667 

Carbon  monoxide,   -003667 

Nitrogen,   -003668 

Nitrous  oxide,   -003676 

Carbon  dioxide,   -003688 

Cyanogen,   -003829 

Sulphur  dioxide,   -00384.") 

*  Near  the  liquefying  point  the  law  no  longer  holds  ;  the  volnnic  diminishes 
viori'  rapidl>j  than  the  theory  indicates,  a  sni.aller  amount  of  i>ressure  being 
then  sullicient.    (See  further,  "  Li(iuefaction  of  Gases"). 
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The  rate  of  expansion,  then,  in  the  more  permanent  gases  like  air, 
approximates  to  '00366  per  centigrade  degree,  or  ^  fg  of  the  volume 
starting  from  0°. 

It  will  be  noticed  that  the  greatest  deviations  from  this  value  are 
exhibited  by  those  gases  which,  as  will  hereafter  be  shown,  are  most 
easily  liquefied,  such  as  carbon  dioxide,  cyanogen,  and  sulphur 
dioxide. 

Passing  down  the  scale  of  temperature  from  zero,  contraction  occurs 
at  the  same  rate,  so  far  as  it  has  been  possible  to  observe.  At  273 
degrees  below  freezing  point,  therefore,  the  volume  of  a  gas  would 
become  reduced  to  nothing,  if  it  could  be  conceived  that  no  change 
supervenes  in  its  physical  condition.  All  gases  condense  into  liquids 
before  this  temperature  is  reached.  This  consideration,  however, 
possesses  some  theoretical  and  even  practical  interest,  inasmuch 
as  it  enables  us  to  express  very  concisely  the  relation  of  the  volume 
of  a  gas  to  temperature.  For,  calling  -273°  centigrade  the  zero  of 
absolute  temperature,  we  may  say  that  the  volume  of  a  gas  is  i^ro- 
portional  to  the  absolute  temperature. 

In  the  practical  manipulation  of  gases,  it  very  often  becomes 
necessary  to  make  a  correction  for  temperature,  or  to  discover  how 
much  the  volume  of  a  gas  would  be  increased  or  diminished  by  a 
particular  change  of  temperature.  The  calculation  can  easily  be 
made  as  follows.  The  difl'erences  in  the  rate  of  expansion  of  different 
gases  being  so  small,  we  may,  for  ordinary  purposes,  assume  that  the 
rates  of  expansion  are  all  the  same,  and  are  equal  to  the  value  already 
given,  viz.,  '00366  or  3^5.  Then,  since  273  volumes  of  a  gas  at  0°  C. 
become  273  + 1  when  the  temperature  is  t°,  and  273 +  T  when  the 
temperature  is  T°,  the  rule  is  very  easily  applied.  Or  using  the 
decimal  coefficient,  V  volumes  of  gas  at  0°,  become  V+ '00366  V,  or 
V  (1  +  -00366)  at  1°,  and  generally  V  (1  +  '003660,  when  the  tem- 
perature is  t°. 

If  this  calculation  is  recpiired  to  be  made  on  the  Fahrenheit  scale, 
it  must  be  remembered  that  the  zero  of  that  scale  is  32°  below  the 
melting-point  of  ice.  Above  this  temperature  the  expansion  for  each 
degree  of  the  Fahrenheit  scale  is  jjjf  of  the  original  volume. 

This,  and  the  correction  for  pressure,  are  operations  of  very  fre- 
quent occurrence  in  chemical  investigations,  and  the  student  will  do 
well  to  become  familiar  with  them. 

The  following  formula  includes  both  these  corrections  : — Let  V 
and  V  be  the  volume  of  a  gas  at  the  temperatures  t  and  I'  centigrade, 
and  under  the  pressures  p  and  p',  measured  in  millimetres  of 
mercury  ;  then 

_V  ^  l4-0'00366< 

V     l  +  0  00366<' ■  p  ■ 

The  case  which  most  frequently  occurs  is  the  reduction  of  a  measured 
volume,  V,  of  a  gas  at  tlie  temperature  t  and  pressure  ^)  to  tiie  volume 
V^,  which  it  would  occupy  at  0°  C,  and  under  a  pressure  of  7G0  mm. 
In  this  case,  we  have  ('  =  0,  and  23'  =  760,  therefore — 
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(1  +  0-0036G0  .  ' 
V  p 


and 


l  +  0-00366<  •  760' 


Diffusion  of  Gases. 


When  a  gas  is  placed  in  a  jar  or  bottle,  if  the  mouth  be  not  closed 
by  a  stopper  or  plate  of  glass,  the  gas  will  escape  and  mix  \s'ith  the 
air  even  in  ojjposition  to  the  effects  of  gravity,  and  independently  of 
differences  of  temperature  which  would  give  rise  to  convection 
currents.  The  spontaneous  escape  of  the  gas  and  the  entrance  of  air 
into  the  bottle  in  such  a  case  are  both  due  to  the  operation  of  gaseous 
diffusion.  This  remarkable  phenomenon  was  first  j^^^rticularly 
noticed  about  1829  by  Doebereiner,  who  found  that  when  hydrogen 
gas  was  collected  in  the  usual  way  over  water,  in  a  certain  jar  which 
was  left  standing  in  the  pneumatic  trough,  the  water  rose  inside  the 
jar,  indicating  a  diminution  in  the  volume  of  the  gas.  The  jar  used 
was  afterwards  found  to  have  a  minute  crack  in  the  glass.  Graham 
afterwards  examined  the  facts  and  gave  the  explanation. 

The  interdilfusion  of  two  gases  can  easily  be  demonstrated  by 
many  experiments.  If  two  bottles  containing  gases  which  do  not 
act  chemically  upon  each  other  at  common  temperatures  be  connected 
by  a  narrow  tube  and  left  for  some  time,  the  gases  alter  a  certain 
time,  depending  much  upon  the  narrowness  of  the  tube  and  its 
length,  will  be  found  uniformly  mixed,  even  though  they  differ 
greatly  in  density,  and  tlie  system  has  been  arranged  in  a  vertical 
position  with  the  heavier  gas  downwards.  Oxygen  and  hydrogen 
can  thus  be  made  to  mix,  in  an  hour,  against  the  action  of  gravity, 
through  a  tube  a  yard  long,  aud  not  more  than  one-quarter  of  an 
inch  in  diameter  :  and  the  same  is  true  of  all  other  gases  which  do 
not  act  directly  upon  each  other. 

If  a  vessel  be  divided  into  two  portions  by  a  diaphragm  or  parti- 
tion of  porous  earthenware  or  dry  pilaster  of  Paris,  and  each  half  of 
it  filled  with  a  different  gas,  dilfusiou  will  immediately  commence 
through  the  pores  of  the  dividing  substance,  and  will  continue  until 
perfect  mixture  has  taken  place.  All  gases,  however,  do  not  per- 
meate the  same  porous  body,  or,  in  other  words,  do  not  p.iss  through 
narrow  orifices,  with  the  same  degree  of  facility.  Graham  estiili 
lished  the  existence  of  a  very  simple  relation  between  the  rapidity  of 
diffusion  aud  the  density  of  the  gas,  which  is  expressed  by  .«aying 
that  the  rate  of  diffusion  mrics  inversely  as  the  square  root  of  the  densit>i 
of  the  gas.  Thus,  in  the  experiment  supposetl,  if  one-half  of  the 
vessel  be  filled  with  hydrogen  and  the  other  half  with  oxygen,  the 
two  gases  will  penetrate  the  diaphragm  at  very  different  rates, 
4  cubic  inches  of  hydrogen  passing  into  the  oxygen  side,  while 
1  cubic  inch  of  oxygen  travels  in  the  opposite"  direction.  The 
densities  of  the  two  gases  are  to  each  other  in  the  proportion  of 
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1  to  16  ;  tlieir  relative  rates  of  diffusion  are  inveriely  as  the  sr^uare 
roots  of  these  numbers,  i.e.,  as  4  to  1. 

The  simplest  and  most  striking  method  of  exhibiting  the 
phenomenon  of  diffusion  is  by  the  use  of  Graham's  diffusion-tube, 
whicli,  in  its  original  form  consisted  of  a  piece  of  wide  glass  tube 
10  or  12  inches  long,  having  one  of  its  extremities  closed  by  a 
plate  of  plaster  of  Paris,  about  half  an  inch  thick,  and  well  dried. 
When  the  tube  is  filled  by  displacement  with  hydrogen,  and  then 
set  uprigiit  in  a  glass  of  water,  the  level  of  the  liquid  rises  in  the 
tube  so  rapidly  that  its  movement  is  apparent  to  the  eye,  and  speedily 
attains  a  height  of  several  inches  above  the  water  in  the 
glass.  The  gas  is  actually  rarefied  by  its  superior 
diffusive  power  over  that  of  the  external  air.  A  more 
effective  form  of  apparatus  is  shown  in  fig.  10,  and  con- 
sists of  a  clay  battery  cylinder  closed  by  a  sound  cork, 
through  which  pa.«ses  a  narrow  glass  tube,  dipping  into 
a  vessel  of  coloured  water.  If  a  glass  full  of  hydrogen  or 
other  light  gas  is  inverted  over  the  cylinder,  bubbles  of 
air  rapidly  escape  from  below,  and  after  this  has  con- 
tinued for  a  minute  or  two,  the  removal  of  the  reservoir 
of  hydrogen  is  followed  immediately  by  the  ascent  of 
liquid  in  the  tube.  In  every  experiment  of  this  kind  an 
interchange  is  going  on  between  the  gas  within  and  the 
air  without.  As  the  hydrogen  escapes  air  enters,  but  at  a 
less  rapid  rate. 

This  property  of  gases  has  doubtless  some  important 
influence  in  Nature,  as  it  must  assist  in  maintaining  uni- 
formity in  the  composition  of  the  atmosphere,  in  promot- 
ing evaporation  of  water,  and  preventing  local  accumu- 
lation of  gases. 

A  partial  separation  of  gases  and  vapours  of  unequal 
diffusibility  may  be  effected  by  allowing  the  mixture  to 
permeate  a  plate  of  graphite  or  porous  earthenware  into 
a  vacuum.  This  eft'ect,  called  a  t  m  o  1  y  s  i  s,  is  exhibited  by  means  of 
the  tube  atmolyser.  This  is  simply  a  narrow  tube  of  unglazed  earthen- 
ware, such  as  a  tobacco-pipe  stem,  of  suitable  length,  which  is  placed 
within  a  shorter  tube  of  glass,  and  secured  in  its  position  by  corks. 
The  glass  tube  is  connected  with  an  air-pump,  and  the  annular  space 
between  the  two  tubes  is  made  as  nearly  vacuous  as  possible.  Air 
or  other  mixed  gas  is  then  allowed  to  flow  along  the  clay  tube  in  a 
slow  stream,  and  collected  as  it  issues.  The  gas  or  air  atmoiysed  is, 
of  course,  reduced  in  volume,  much  gas  penetrating  through  the 
pores  of  the  clay  tube  into  the  air-pump  vacuum,  u.nd  the  lighter  g;is 
diffusing  the  more  rapidly,  so  that  the  proportion  of  the  denser  con- 
stituent is  increased  in  the  gas  collected.  In  one  experiment,  the 
proportion  of  oxygen  in  the  air,  after  traversing  the  atmolyser,  was 
increased  from  20'8  per  cent.,  which  is  the  normal  proportion,  lo 
24'5  per  cent.  With  a  mixture  of  oxygen  and  hydrogen,  the  separa- 
tion is,  of  course,  more  considerable. 
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A  distinction  must  be  carefully  drawn  between  real  diffusion 
througli  small  aj^ertures,  and  the  apparently  similar  passage  of  gases 
through  membranous  diaphragms,  such  as  caoutchouc,  bladder,  gold- 
beater's sldn,  etc.  In  this  mode  of  passage  the  rate  of  interchange 
depends  partly  on  the  relative  dift'usibilities  of  the  gases  ;  partly  on 
the  different  degrees  of  adhesion  exerted  by  the  membrane  on  the 
different  gases,  by  virtue  of  which  the  gas  which  adheres  most 
powerfully  penetrates  the  diaphragm  most  easily,  and,  attaining 
the  opposite  surface,  mixes  with  the  other  ;  and  partly,  it  has 
been  supposed,  on  an  actual  liquefaction  of  the  gases,  which  then 
penetrate  the  membrane  (as  ether  and  petroleum  do),  and  may  again 
evaporate  on  the  surface  and  appear  as  gases.  A  sheet  of  caout- 
chouc tied  over  the  mouth  of  a  wide-mouthed  bottle  filled  with 
hydrogen,  is  soon  pressed  inwards,  even  to  bursting.  If  the  bottle 
be  filled  with  air,  and  placed  in  an  atmosphere  of  hydrogen,  the 
swelling  and  bursting  takes  place  outwards.  If  the  membrane  is 
moist,  the  result  is  likewise  afl'ected  by  the  different  solubilities  of 
the  gases  in  the  water  or  other  liquid  which  wets  it.  For  example, 
the  diffusion  of  carbon  dioxide  into  atmospheric  air  is  very  slow, 
but  it  passes  into  the  latter  through  a  wet  bladder  with  the  utmost 
ease,  in  virtue  of  its  solubility  in  the  water  with  which  the  mem- 
brane is  moistened.  It  is  by  such  a  process  that  the  function  of 
respiration  is  performed  :  the  aeration  of  the  blood  in  the  lungs  arid 
the  disengagement  of  the  carbon  dioxide  are  eft'ected  through  wet 
membranes  ;  the  blood  is  never  brought  into  actual  contact  with 
the  air,  but  receives  its  supply  of  oxygen,  and  is  relieved  of  excess 
of  carbon  dioxide  by  this  kind  of  sijurious  diffusion.  The  high 
diffusive  power  of  hydrogen  against  air  renders  it  impossible  to 
retain  that  gas  for  any  length  of  time  in  a  bladder  or  caoutchouc 
bag  :  it  is  even  unsafe  to  keep  it  long  in  a  gas-holder,  lest  it  should 
become  mixed  with  air  by  slight  accidental  leakage,  and  rendered 
exj^losive. 

The  unequal  absorption  of  gases  in  the  manner  above  mentioned 
often  effects  a  much  more  complete  separation  of  the  components 
of  a  gaseous  mixture  than  can  be  attained  by  tlie  atmolytic  metliod 
above  described.  Graham  has  shown  that  oxygen  is  absorbed  and 
condensed  by  caoutchouc  two-and-a-half  times  more  abundantly 
than  nitrogen,  and  that  when  one  side  of  a  caoutchouc  film  is  freely 
exposed  to  the  air,  while  a  vacuum  is  produced  on  the  other  side,  the 
film  allows  a  gas  containing  41  6  per  cent,  of  oxygen  to  pass  through, 
instead  of  the  21  per  cent,  usually  present  in  the  air. 

The  apparatus  by  which  this  interesting  result  may  be  produced 
is  shown  in  fig.  11.    Two  sheets  of  uuvulcanised  india-rubber, 


joined  at  the  edges,  so  as  to  malvc  a  flat  bag,  one  corner  of  which  can 
be  attached  by  a  glass  tube  to  the  Sprengel  mercury  pump.  The 
latter  consists  of  a  reservoir  of  mercury  surmounting  a  vertiaxl  tube, 
which  must  be  more  than  30  inches  high,  witli  a  side  branch  as 
shown  in  tlie  figure.    Upon  allowing  mercury  to  drop  slowly  from 
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the  funnel,  it  draws  with  it  air  from  the  side  tube,  and  carries  it 
■down  ill  separate  portions,  which  can  be  collected  in  an  inverted 
tube  below.  If  the  bag  be  exhausted 
of  air  in  this  iiiaiiner,  and  the  pump 
be  kept  working,  gas  is  slowly  ex- 
tracted, and,  after  an  hour  or  two,  the 
air  which  passes  through  is  found  to 
be  so  rich  in  oxygen  that  it  is  capable 
of  rekindling  a  charred  wood  splint 
•with  tip  still  red  hot. 

Even  metals  possess  this  power  of 
absorbing  large  quantities  of  gases. 
Deville  and  Troost  observed  the 
remarkable  fact  that  hydrogen  gas 
is  capable  of  penetrating  platinum 
-and  iron  tubes  at  a  red  heat,  and 
■Graham  suggested  that  this  efl'ect 
may  be  connected  with  a  power 
j)ossessed  by  these  and  certain  other 
metals  to  absorb  hydrogen,  possibly 
in  its  character  as  a  metallic  vapour. 
Platinum  in  the  form  of  wire  or  plate, 
■at  a  low  red  heat,  can  take  up  3 '8 
volumes  of  hydrogen  measured  cold, 
and  palladium  foil  condenses  as  mucli 
as  643  times  its  volume  of  hydrogen 
at  a  temperature  below  100°  C.  In 
the  form  of  sponge,  platinum  was 
found  to  absorb  1'48  times  its  volume 
of  hydrogen,  and  palladium  90  volumes.  This  absorption  of  gases 
by  metals  is  called  occlusion. 

The  meteoric  iron  of  Lenarto  contains  a  considerable  quantity  of 
occluded  hydrogen.  When  heated  in  a  good  vacuum,  it  yields  2  85 
times  its  volume  of  gas,  of  which  85"68  per  cent,  consists  of  hydrogen, 
with  4-46  carbon  monoxide  and  9"86  nitrogen.  Now,  hydrogen  has 
been  recognised  by  spectrum  analysis  in  the  light  of  the  fixed  stars, 
■and  constitutes  the  principal  element  in  the  atmosphere  of  a 
numerous  class  of  stars.  "  The  iron  of  Lenarto,"  says  Graham, 
*'  has,  no  doubt,  come  from  such  an  atmosphere,  in  which  hydrogen 
greatly  prevailed.  This  meteorite  may  therefore  be  looked  upon  as 
holding  imprisoned  within  it,  and  bringing  to  us,  the  hydrogen  of 
the  stars." 

The  rates  of  effusion  of  gases,  that  is  to  say,  their  rates  of 
passage  through  a  minute  aperture  in  a  thin  plate  of  metal  or  other 
■  substance  into  a  vacuum,  follow  the  same  law  as  their  rates  of 
diffusion,  that  is  to  say,  they  are  inversely  as  the  square  roots  of  the 
<lensities  of  the  gases.  Nevertheless,  the  phenomena  of  diffusion 
and  effusion  are  essentially  dill'erent  in  their  nature,  the  eirusive 
movement  afi'ecting  masses  of  a  gas,  whereas  in  the  diffusive  move- 
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ment  molecules  are  concerned  ;  and  a  gas  is  usually  carried  by  the 
lormer  kind  of  impulse  with  a  velocity  many  thousand  times  greater 
than  by  the. latter.  Mixed  gases  are  effused  at  the  same  rates  as  one 
gas  of  the  actual  density  of  the  mixture  :  and  no  separation  of  the 
gases  occurs,  as  in  diffusion  into  a  vacuum. 

The  law  of  effusion  just  stated  is  true  only  under  the  condition 
that  the  gas  shall  pass  through  a  minute  aperture  in  a  very  thin 
plate.  If  the  plate  be  thicker,  so  that  the  aperture  becomes  a  tube, 
very  different  rates  of  efflux  are  observed  ;  and  when  the  capillary 
tube  becomes  considerably  elongated,  so  that  its  length  exceeds  its 
diameter  at  least  400  times,  the  rates  of  flow  of  different  gases  into 
a  vacuum  again  assume  a  constant  ratio  to  each  other,  following,, 
however,  a  law  totally  distinct  from  that  of  eft'usion. 


OXYGEN. 

Symbol  0.    Atomic  weight,  16.    Density,  16,  approximately. 

Oxygen  was  discovered  in  the  year  1774  by  Priestley,  and  about 
two  years  earlier  by  Scheele,  in  Sweden,  independently  of  each  other. 

Scheele's  work  was  not  published  till  some  time  after  the  dis- 
covery of  Priestley  was  made  known.  Scheele  described  the  gas 
under  the  "name  fire-air,  Priestley  called  it  dcphlogisticated  air.  The 
name  oxygen*  was  given  to  it  by  Lavoisier  some  time  afterwards. 

Oxygen  exists  in  a  free  and  uncombiued  state  in  the  atmosj^here, 
mixed  with  another  gaseous  body,  nitrogen.  It  is  usually  obtained 
for  purposes  of  experiment  by  decomposing  certain  metallic  oxides 
and  salts. 

The  source  from  which  it  was  originally  obtained  by  Priestley  is 
the  red  oxide  of  mercury,  or  "  red  precipitate "  of  the  old  writers, 
which  is  resolved  by  heat  into  oxygen  gas  and  metallic  mercury. 

2HgO  =  2Hg  +  0,. 

Scheele's  first  process  consisted  in  heating  nitric  acid,  but  lie  also 
obtained  it  by  heating  black  oxide  of  manganese  and  red  precipitate 
of  mercury,  as  well  as  oxides  of  silver  and  gold.  Oxide  of  manganese 
requires  a  red  heat  for  its  decomjiosition,  and  gives  up  not  more  than 
about  one-third  of  the  oxygen  it  contains,  the  residue  consisting  of  a 
lower  oxide  of  manganese.    Thus — 

4Mn0.j  =  aMn.Oa  +  0._,, 

or 

3MnOa  =   MngOj  -t-  0.^. 

A  method  more  convenient  than  either  of  these  depends  upon  the 
decomposition  of  potassivim  chlorate  by  heat.    This  salt,  when  heated 

*  From  (1^09,  vinegar,  i.e.,  acid,  and  ycv,  a  root  signifying  production. 
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alone,  yields  pure  oxygen  gas,  and  if  the  temperature  is  pretty  high 
and  maintained  long  enou^ifli,  the  residue  which  is  Itii't  consists 
wholly  of  potassium  chloride.    Thus — 

2KCIO3  =  2KC1  +  30, . 

If  the  operation  be  interrujjted  before  all  the  oxygen  is  expelled, 
the  residue  will  be  found  to  contain  more  or  less  of  potassium  per- 
chlorate,  KCIO4. 

When  it  is  not  essential  that  the  oxygen  obtained  should  be  quite 
pure — as,  for  example,  when  required  for  use  in  the  oxyhydrogen 
lamp — the  chlorate  of  potassium  may  be  mixed  with  about  one-tenth 
of  its  weight  of  dry  peroxide  of  manganese.  When  this  mixture  is 
heated,  the  oxygen  is  disengaged  much  more  readily  and  rapidly 
than  when  the  chlorate  is  used  alone.  The  chlorate  is  wholly  re- 
duced to  chloride  of  potassium,  the  manganese  oxide  remaining 
undiminished  and  apparently  unchanged.  There  can  be  little  doubt, 
however,  that  the  latter  undergoes  a  succession  of  changes  in  which 
the  elements  of  the  chlorate  are  concerned,  for  the  gas  evolved  con- 
tains a  notable  quantity  of  chlorine,  and  the  residue  a  corresponding 
amount  of  oxide  of  potassium.  This  efi'ect  is  an  instance  of  the  kind 
of  action  which  is  sometimes  called  a  "catalytic"  action,  in  which  a 
limited  quantity  of  one  body  is  capable  of  promoting  a  change  in  an 
indefinite  quantity  of  another  body  with  which  it  is  in  contact. 
Other  examples  will  occur  later  on. 

Another  process,  which  is  now  worked  upon  a  manufacturing 
scale,  has  been  patented  by  M.  M.  Brin.  Atmospheric  air,  freed 
from  dioxide  carbon,  is  pumped  under  slight  pressure  into  retorts 
containing  anhydrous  oxide  of  barium  (baryta),  heated  to  about  700". 
Here  a  portion  of  the  oxygen  is  absorbed,  while  the  nitrogen  passes 
on  and  escapes.  After  a  few  minutes  the  jDressure  in  the  retorts  is 
reduced  below  atmospheric  pressure,  the  temperature  remaining  un- 
changed. Oxygen  is  then  evolved  and  is  drawn  by  tlie  pump  from 
the  retorts  and  delivered  into  the  oxygen-holder.  After  the  libera- 
tion of  the  absorbed  oxygen,  the  baryta  is  left  ready  for  a  repetition 
of  the  process. 

Oxygen  is,  bulk  for  bulk,  a  little  heavier  than  atmospheric  air, 
its  density  being  15-88  referred  to  that  of  hydrogen  as  unity.*  A 
litre  of  oxygen  at  the  standard  temperature  and  pressure,  that  is  to 
say,  at  U°  0.,  and  760  millimetres  barometric  pressure,  weighs  r4228o 
gram.  At  15-5"  C.  (60°  V.),  and  under  a  pressure  of  30  inches,  100 
cubic  inches  of  the  gas  weigh  34'2S)  grains. 

Oxygen  at  a  temperature  below  -  118'8'  and  under  a  pressure  of  51 
atniosplieres  forms  a  pale  blue  licpiid  wliicli  is  pretty  strongly 
attracted  by  a  magnet.  It  is  in  this  condition  chemically  inactive, 
I)robably  on  account  of  the  low  temperature,  so  that  phosphorus  and 
other  easily  oxidisable  substances  placed  in  contact  with  it  are 
unaffected.    Its  boiling  point  under  atmospheric  pressure  is  -  182'7". 

Oxygen  is  the  sustaining  principle  of  animal  life,  and  of  all  tlic 

*  Rayleigh,  Proc.  Bui/.  Sue,  Feb.  181)2. 
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ordinary  plienomena  of  combustion.  Bodies  which  bum  in  the  ait 
burn  with  greatly  increa.sed  splendour  in  oxygen  gas.  If  a  taper  be 
blown  out,  and  then  introduced,  while  the  wick  remains  red-hot,  it 
is  instantly  rekindled  ;  a  slip  of  wood  or  a  match  is  relighted  in  the 
same  manner.  This  effect  is  highly  characteristic  of  oxygen,  there 
being  but  one  other  gas  which  possesses  the  same  property  ;  and  this 
is  easilj'  distinguished  by  other  means.  The  experiment  with  the 
match  is  also  constantly  used  as  a  rude  test  of  the  purity  of  the  gas 
when  it  is  about  to  be  collected  from  the  retort,  or  when  it  has  stood 
for  some  time  in  contact  with  water  exposed  to  air. 

When  a  bit  of  charcoal  is  affixed  to  a  wire,  and  plunged  with  a 
single  point  red-hot  into  a  jar  of  oxygen  it  burns  with  great  bril- 
liancy, throwing  off  beautiful  scintillations,  imtil,  if  the  oxygen  be 


in  excess,  it  is  completely  consumed.  A  bundle  of  steel  wires  armed 
at  its  extremity  with  a  bit  of  lighted  charcoal,  and  introduced  into  a 
vessel  of  oxygen  gas,  burns  with  great  brilliancy.  If  the  experiment 
be  made  in  a  jar  standing  on  a  plate,  the  fused  globules  of  black  iron 
oxide  hx  themselves  in  the  glaze  of  the  latter,  after  falling  through  a 
stratum  of  water  half  an  inch  iu  depth.  Kindled  sulphur  burns 
with  great  beauty  in  oxygen  ;  and  phosphorus,  under  similar  circum- 
stances, exhibits  a  splendour  which  tlie  eye  is  scarcely  able  to 
support.  In  each  case  the  burning  body  enters  into  combination 
witli  the  oxygen,  forming  an  oxide. 

When  a  compound  burns  iu  atmospheric  air,  the  Siime  ultimate 
effect  is  produced  as  in  pure  oxygen  ;  the  action  is,  however,  less 
energetic,  in  con.se(juence  of  the  presence  of  nitrogen,  Avhich  dilutes 
the  oxygen  and  weakens  its  chemical  jjowers.  The  process  of  respira- 
tion in  animals  is  an  effect  of  the  same  nature  as  ordinary  combus- 
tion.   The  blood  contains  substancds  which  slowly  burn  by  the  aid 
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of  the  oxygen  thus  introduced  into  the  system.  When  this  action 
ceases,  life  becomes  extinct. 

Experiments. — 1.  Place  in  a  test-tube,  or  better,  a  short  piece  of 
"combustion"  tubing,  of  which  one  end  has  been  sealed  up  like  that 
of  a  test-tube,  a  small  quantity  of  red  mercuric  oxide,  and,  holding 
the  tube  by  the  fingers  at  the  upper  part,  apply  the  flame  of  a  Bunsen 
burner  to  the  bottom  till  a  grey  crust  begins  to  form  higher  up  on 
the  side  of  the  tube.  Now,  take  a  slip  of  wood,  set  fire  to  one  end, 
and  when  charred,  blow  out  the  flame,  leaving  a  few  sparks  upon 
the  blackened  extremitj'.  Introduce  this  into  the  test-tube,  which 
should  now  be  full  of  oxygen.  The  wood  will  be  rekindled  into 
flame. 

A  similar  experiment  may  be  made  with  red  lead,  a  substance 
formed  by  roasting  in  tlie  air,  at  a  temperature  short  of  redness,  the 

Fig.  13. 


protoxide  of  lead  or  litharge,  PIjO.  It  may  thus  be  shown  that  oxygen 
can  be  withdrawn  from  the  atmosphere  and  reproduced  in  a  state 
of  purity  unmixed  with  nitrogen  or  any  other  gas. 

2.  Place  in  a  test-tube  a  few  grams  of  potassium  chlorate.  Apply 
heat  in  the  same  way.  The  salt  first  crackles,  then  melts,  and  finally 
appears  to  boil.  When  in  this  condition  oxygen  is  being  disengaged 
from  it,  and  when  tested  witli  the  match  rekindles  it  as  before. 

2.  Mix  aliout  10  grams  of  potassium  clilorate  in  coarse  powder 
with  about  1  gram  of  manganese  dioxide,  place  the  mixture  in  a  test- 
tube  to  which  has  been  previously  fitted  a  cork  and  tube  bent  as 
shown  in  figure  13. 

The  tube  is  lield  in  a  nearly  horizontal  position  by  the  clam]i  of  a 
small  retort  stand,    Tlie  end  of  tlie  tube  dips  under  water  in  such  a 
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position  that  the  gas  which  will  issue  from  it  may  be  discharged  into 
the  jar  filled  with  water  placed  for  its  reception.  Now  apply  a 
very  gentle  heat  to  the  upper  part  of  the  black  powder  in  the  tube. 
Oxygen  soon  comes  olf  freely,  and  several  jars  should  be  readj'  for 
collecting  as  much  as  may  be  required.  When  a  snificient  quantitj' 
has  been  obtained,  remove  the  delivery-tube  from  the  water.  Cover 
the  mouth  of  each  jar  as  removed  from  the  water  with  a  glass  plate, 
or  close  it  by  a  stopper.  Ten  grams  of  potassium  chlorate  will 
yield  about  24  litres  ot  oxygen,  or  nearly  5  pints. 

4.  Attach  a  piece  of  charcoal  to  a  wire,  ignite  it  in  a  flame,  then 
dip  it  into  one  of  the  jars  filled  with  oxygen. 

5.  Place  a  little  sulphur  in  a  "deflagrating"  spoon,  set  fire  to  it, 
and,  Avliile  burning,  plunge  it  into  oxygen. 

6.  Burn  off  any  sulphur  remaining  upon  the  sjjoon  from  the  pre- 
vious experiment ;  while  the  spoon  is  cooling,  refer  to  the  article  on 
phosphorus  for  the  precautions  necessary  in  dealing  with  that 
dangerous  substance.  Cut  off  a  piece  of  phosphorus  half  the  .size  of 
a  pea,  dry  it  on  filter-paper,  and  place  in  the  deflagrating  spoon. 
Ignite  the  phosphorus  by  touching  it  with  a  heated  wire  or  glass 
rod,  and  immediately  plunge  it  into  oxygen. 

7.  When  sufficientl}^  cool,  pour  a  little  distilled  water  into  each  of 
the  three  jars  used  in  the  combustion  of  charcoal,  sulphur,  and 
phosphorus.  Then  dip  a  piece  of  blue  litQius  paper  into  each.  It 
will  be  turned  red,  indicating  that  an  acid  has  been  formed. 


NITROGEN. 

Symbol,  N,'^  Atomic  weight,  14.    Den.sity,  14. 

Nitrogen*  constitutes  about  four-fifths  of  the  atmosphere,  and 
enters  into  a  great  variety  of  combinations.  It  may  be  prepared 
by  several  methods.  One  of  the  simplest  of  these  is  to  burn  out 
the  oxygen  from  a  confined  portion  of  air  by  phosphorus,  by  copper, 
or  by  a  jet  of  hydrogen. 

Experiment. — A  small  ]iorcelain  capsule  is  floated  on  the  water  of 
the  pneumatic  trough,  and  a  piece  of  phosphorus  is  placed  in  it  and 
set  on  fire.  A  bell-jar  is  then  inverted  over  the  whole,  and  suf- 
fered to  rest  on  the  shelf  of  tlie  trough,  so  as  to  project  a  little 
over  its  edge.  At  first  tlie  heat  causes  expansion  of  the  air  of  the 
jar,  and  a  few  bubbles  are  expelled,  after  which  the  level  of  the  water 
rises  considerabl)-.  When  the  phosphorus  becomes  extinguished  by 
exhaustion  of  the  oxygen,  and  time  has  been  given  for  the  subsidence 
of  the  cloud  of  finely  divided  snow-like  phosphoric  oxide  which 

*  I.e.,  Generator  of  nitre;  also  called,  chiefly  by  French  chemists,  Azote, 
from  a,  privative,  and  ^on),  life. 
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floats  in  the  residual  gas,  the  nitrogen  may  be  transferred  into 
another  vessel,  and  its  properties  examined.    Prenared  bv  the  fore 
Koing  process,  nitrogen  is  con- 
taminated with  a  little  vapour  of 
phosphorus,  which  communicates 
to  the  gas  its  peculiar  odour. 

Expe^-iment.  —  A  preferable 
method  is  to  fill  a  tube  with  turn- 
ings of  copper  or  copper  gauze  ; 
to  heat  this  tube  to  redness  ;  and 
then  pass  through  it  a  slow  stream 
of  atmospheric  air,  the  oxygen  of 
which  is  entirely  removed,  during 
its  progress,  by  the  heated  copper. 
The  apparatus  shown  in  fig.  3, 
p.  22,  may  be  used  for  this  pur- 
pose. The  iron  tube  is  packed 
with  copper  turnings  instead  of 
iron.  The  flask  or  can  contains  no  water,  but  only  air.  By  attaching 
to  the  vertical  open  tube  a  piece  of  flexible  pipe  connected  with  the 
water  supply,  and  turning  on  a  very  slow  stream  of  water,  the  air 
may  be  made  to  flow  through  the  red-hot  copper,  where  the  oxygen 
is  retained,  whilst  the  nitrogen  passes  on  into  the  gas  jar  standing  in 
the  pneumatic  trough. 

When  chlorine  gas  is  passed  into  solution  of  ammonia,  the  latter 
substance,  which  is  a  compound  of  nitrogen  with  hydrogen,  is  de- 
composed ;  the  chlorine  combines  with  the  hydrogen,  and  the 
nitrogen  is  set  free,  with  effervescence.  In  this  manner  very  pure 
nitrogen  can  be  obtained.  In  making  this  experiment,  it  is  neces- 
sary to  stop  short  of  .saturating;  or  decomposing  the  whole  of  the 
ammonia,  otherwise  there  will  be  great  risk  of  accident  from  the 
formation  of  an  exceedingly  dangerous  explosive  compound,  pro- 
duced by  the  contact  of  chlorine  with  an  ammoniacal  salt. 

Another  very  ea.sy  and  perfectly  safe  method  of  obtaining  pure 
nitrogen  is  to  decompose  ammonium  nitrite.  On  boiling  a  solution 
of  potassium  nitrite  with  sal-ammoniac,  nitrogen  gas  is  evolved, 
while  potassium  chloride  remains  in  solution.  The  reaction  is 
represented  by  the  equation, 

KNO2  -I-  NH^Cl  =  KCl  +  2H2O  +  N2. 

Nitrogen  is  destitute  of  colour,  taste,  and  odour  ;  it  is  a  little 
lighter  than  air,  its  density  being  0-972.  A  litre  of  the  gas  at  0°  C. 
and  760  mm.  barometric  pressure  weighs  1'2505  gram  (Rayleigh). 
100  cubic  inches,  at  60°  F.  and  30  inches  barometer,  weigh  about 
30  grains.  Nitrogen  is  incapable  of  sustaining  combustion  or  animal 
life,  although,  like  hydrogen,  it  has  no  positive  poisonous  properties  ; 
neither  is  it  solulfle  to  any  notable  extent  in  water  or  in  caustic 
alkali ;  it  is,  in  fact,  best  characterised  by  negative  properties. 

Experiment. — Having  prepared  some  nitrogen  gas  by  one  of  the 
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methods  described  above,  decant  a  portion  of  it  into  a  gas  cylinder, 
close  the  mouth  of  this  with  a  glass  plate,  remove  it  from  the  water, 
and  introduce  a  lighted  taper.    The  tlame  is  extinguished. 

Experiment. — Collect  a  second  cylinder  full  of  the  gas,  and  pour 
into  it  a  little  clear  lime-water.  The  lime-water  shaken  up  with  the 
gas  does  not  become  cloudy.  This  test  serves  to  distinguish  nitrogen 
from  carbon  dioxide.  The  atter  gas  also  differs  from  nitrogen  by 
its  greater  density. 

Atmospheric  Air. — The  exact  composition  of  the  atmos- 
phere has  repeatedly  been  made  the  subject  of  experimental  research. 
Beside  nitrogen  and  oxygen,  the  air  contains  a  little  carbon  dioxide 
(carbonic  acid  gas),  a  very  variable  proportion  of  aqueous  vapour,  a 
trace  of  ammonia,  and  under  certain  circumstances  nitric  acid  and 
ozone.  It  also  contains  nearly  1  per  cent,  of  a  remarkable  gas,  called 
argon,  discovered  in  1894  by  Lord  Eayleigh  and  Professor  Eamsay. 
The  oxygen  and  nitrogen  are  in  a  state  of  mixture,  not  of  combina- 
tion, yet  their  ratio  is  remarkably  uniform.  Air  has  been  brought 
from  lofty  alpine  heights,  and  compared  with  that  from  the  plains  of 
Egypt;  it  has  been  brought  from  an  elevation  of  21,000  feet  by  the 
aid  of  a  balloon  ;  it  has  been  collected  and  examined  in  London  and 
Paris,  and  many  other  places  :  still  the  proportion  of  oxygen  and 
nitrogen  remains  nearly  unaltered,  the  wind,  together  vnth  the 
diffusive  energy  of  the  gases,  being  adequate  to  maintain  this  perfect 
uniformity  of  mixture.  The  carbon  dioxide,  on  the  contrary,  being 
much  influenced  by  local  causes,  varies  considerably. 

Composition  of  the  Atmosphere. 


By  weight.      By  measure. 
Nitrogen  (including  1  p.c.  argon),       .       77  parts  79"19 
Oxygen,  23    „  20-81 


100  100-00 


Carbon  dioxide,  from  3-7  measures  to  6-2  measures  in  10,000 
measures  of  air. 

Aqueous  vapour  variable,  depending  much  upon  the  temperature. 

Ammonia  and  nitric  acid,  traces. 

Ozone  or  hydrogen  peroxide,  traces  in  country  air. 

Dr  Franldand  has  analysed  samples  of  air  taken  by  himself  in  the 
valley  of  Chaniouni,  on  the  summit  of  Mont  Blanc,  and  at  the 
Grands  Mulets.  The  following  are  the  results  of  his  analyses  ex- 
pressed as  volumes  per  cent. 


Carbon  Dioxide.  Oxygen. 

Chamouni  (3000  feet),        .       .     0-063  20-894 

Grands  Mulets  (11,000  feet),       .     0-111  20-802 

Mont  Blanc  (15,732  feet),    .      .     0-061  20-963 
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Beside  the  gaseous  ingredieuts  present  in  normal  uncontamiuated 
air,  the  dust  which  is  always  present  contains  an  immense  diversity 
of  solid  substances,  partly  earthy  or  siliceous,  partly  of  organic  origin, 
including  the  germs  of  moulds  and  other  micro-organisms  which  are 
now  known  to  play  a  very  important  part  in  relation  to  the  life  of 
higher  animals  and  plants,  and  even  in  processes  previously  assumed 
to  be  purely  chemical.  In  towns  the  proportion  of  carbon  dioxide 
generally  exceeds  the  normal  amount,  and  in  crowded  buildings  may 
reach  20  or  30  volumes  per  10,000  of  air  ;  it  is  always  accompanied 
by  putrescent  organic  matters  which  are  more  deleterious  to  health 
than  carbon  dioxide.  The  employment  of  coal  as  fuel  leads  to  the 
production  of  an  appreciable  quantity  of  sulphuretted  hydrogen 
and  of  sulphurous  and  sulphuric  acids,  which,  being  brought  down 
by  the  rain,  cause  much  injury  to  stone  work,  metals,  and  painted 
surfaces. 

A  litre  of  pure  and  dry  air  at  0°  C.  and  760  mm.  pressure  weighs 
1'29366  grams.  100  cubic  inches  at  60°  F.  and  30  inches  barom. 
weigh  30'935  grains  ;  hence  a  cubic  foot  weighs  536'96  grains,  which 
is  gjg-  of  the  weight  of  a  cubic  foot  of  water  at  the  same  temperature. 

Tlie  analysis  of  air  by  toeiglit  was  effected  by  Dumas  and 
Boussingault,  in  1841,  by  passing  it  over  finely  divided  cojjper 
contained  in  a  tube  of  hard  glass,  carefully  weighed,  and  then  heated 
to  redness  :  the  nitrogen  was  sufl'ered  to  flow  into  an  exhausted  glass 
globe,  also  previously  weighed.  The  increase  in  weight  of  the 
copper  after  the  experiment  gave  the  amount  of  oxygen,  and  the 
increase  in  weight  of  the  exhausted  globe  gave  the  nitrogen. 

The  analysis  of  air  by  volume  was  formerly  effected  by  admitting 
small  successive  quantities  of  nitric  oxide  into  a  graduated  tube 
containing  the  sample  of  air  standing  over  water,  and  observing  the 
diminution  of  volume  which  resulted.  This,  however,  is  a  process 
by  which  no  accurate  estimations  could  be  effected,  and  subsequently 
it  was  found  that  better  results  could  be  obtained  by  the  action  of 
phosphorus,  or  by  explosion  with  hydrogen. 

Experiment. — Collect  in  a  graduated  tube  by  displacement  of  water, 
100  to  200  cc.  of  the  air  to  be  examined,  and  then  pass  up  into  the 
gas  a  short  stick  of  clean  phosphorus  affixed  to  the  end  of  a  wire.  If 
the  whole  is  left  for  about  twenty-four  hours,  the  oxygen  is  slowly 
but  completely  absorbed,  the  phosphorus  is  then  withdrawn,  and  the 
volume  of  residual  nitrogen  can  be  read  off. 

The  most  accurate  method  is  to  mix  the  air  with  hydrogen  and 
pass  an  electric  spark  through  the  mixture  :  after  explosion  the 
volume  of  gas  is  read  off  and  compared  with  that  of  the  air  employed. 
Since  the  analysis  of  gaseous  bodies  by  explosion  is  an  operation  of 
great  importance,  it  may  be  worth  while  to  describe  the  process  in 
detail,  as  it  is  applicable,  with  certain  obvious  variations,  to  a 
number  of  analogous  cases. 

Instruments  for  this  purpose  arc  called  eudiometer  s.  The 
simplest,  and,  on  the  whole,  the  most  convenient,  consists  of  a 
straight  graduated  glass  tube  (a,  fig.  15)  closed  at  the  top,  and  liaving 
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Fig.  15. 


platinum  wires  inserted  near  the  closed  end,  to  give  passage  to  an 
electric  spark.  This  tube  is  filled  with,  mercury,  and  inverted  in  a 
mercurial  pnueumatic  trough. 

For  the  analysis  of  air,  a 
quantity  sufficient  to  fill  about 
one-sixth  of  the  tube  is  intro- 
duced, and  its  volume  accurately 
ascertained  by  reading  off  with  a 
telescope  the  number  of  divisions 
on  the  tulje  to  which  the  mercury 
reaches,  whilst  the  height  of  the 
column  of  mercury  in  the  tube 
above  the  trough,  together  with 
that  of  the  barometer,  and  the 
temperature  of  the  air,  are  also 
read  off.  A  quantity  of  pure 
hydrogen  gas  is  now  added,  more 
than  sufficient  to  unite  with  all 
the  oxygen  present  (about  half 
the  volume  of  the  air),  and  the 
volume  of  the  gas  and  the  pres- 
sure exerted  upon  it  are  deter- 
mined as  before.  An  electric 
spark  is  now  passed  through  the 
mixture,  care  being  taken  to  pre- 
vent any  escape,  by  pressing  the  open  end  of  the  eudiometer  against 
a  piece  of  sheet  caoutchouc  under  the  mercury  in  the  trough.  After 
the  explosion,  the  volume  is  again  determined,  and  is  found  to  be 
less  than  that  before  the  explosion.  The  volume  of  gas  read  oft' 
must  in  each  case  be  reduced  to  standard  pressure  and  temperature 
by  the  method  already  given  (pp.  28,  29). 

Now,  since  the  hydrogen  is  in  excess,  and  2  volumes  of  that  gas 
unite  with  1  volume  of  oxygen  to  form  water,  one-third  of  the 
diminution  must  be  the  volume  of  the  oxygen  contained  in  the 
air  introduced.    An  example  will  render  this  clear  : — 


Air  introdiiced, 


100  measures. 


Air  and  hydrogen,  .  .  .160 
Volume  after  explosion,      ...  97 

Diminution,  63 


=  21  =  oxygen  in  tlie  100  measures. 

o 

Various  modifications  of  the  apparatus  employed  in  this  method 
have  been  devised  with  the  object  of  saving  time  in  the  process :  a 
description  of  these  will  be  found  in  special  works  on  gas  analysis. 
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When  the  greatest  accuracy  is  not  essential,  but  saving  of  time  is 
a  matter  of  importance,  another  form  of  apparatus,  devised  by 
Hempel,  may  be  used  for  the  analysis  of  air,  and  generally  of  gaseous 
mixtures  in  which  no  ingredient  is  present  in  merely  minute 
quantity.  It  has  the  advantage  of 
dispensing  with  the  use  of  mercury, 
and  is  frequently  used  for  the  analysis 
of  chimney  gases  from  boiler  furnaces, 
and  for  other  purposes  in  connection 
with  manufactures.  This  ajiparatus, 
like  several  others  constructed  npoii 
a  similar  pi'inciple,  consists  essentially 
of  two  parts,  namel}^,  the  absorption 
apparatus,  in  which  the  gas  is  brought 
into  contact  with  reagents,  and  the 
apparatus  for  measurement.  These 
are  represented  in  the  accompanying 
figure  16.  A  vertical  measuring-tube, 
graduated  into  cubic  centimetres,  is 
connected  at  the  bottom  by  flexible 
tubing  to  a  second  ungraduated  ojaen 
tube,  placed  upon  a  separate  stand. 
The  open  tube  is  filled  with  water, 
and  when  raised  into  such  a  position 
as  shown  in  the  figure,  the  water 
tends  to  drive  any  enclosed  gas 
through  the  capillary  tube  at  the  top, 
when  the  pinch  tap,  which  compresses 
the  rubber  joint,  is  relaxed.  Con- 
versely, gas  may  be  drawn  back  by 
simply  lowering  the  open  tube  and 
relaxing  the  pinch  tap.  The  ab- 
sorption apparatus  consists  of  two 
or  more  bulbs  in  which  can  be  placed  strong  solution  of  potash, 
solution  of  pyrogallol,  or  other  reagents,  with  which  the  gas  may 
be  brought  into  contact  by  passing  from  the  measuring  tube  in  the 
manner  described.  It  is  usual  to  keep  ready  several  sets  of  absorp- 
tion bulbs  charged  with  the  reagents  required.  The  pressure  upon 
the  gas  when  it  is  measured,  is  reduced  to  atmospheric  pressure  by 
holding  the  water  tul)e  in  such  a  position  that  the  surface  of  the 
water  in  both  tubes  is  at  the  same  level.  To  determine  the  tempera- 
ture, a  thermometer  suspended  near  gives  it  with  sufficient  accuracy 
for  most  technical  purposes,  but  it  may  be  regulated  more  exactly  by 
surrounding  the  measuring  tube  by  a  wider  glass  tube  filled  with 
water,  like  the  jacket  of  a  Lieljig  condenser,  in  which  a  thermometer 
may  be  placed. 

It  has  already  been  stated  that  the  oxygen  and  nitrogen  in 
atmospheric  air  are  merely  mixed  together  mechanically  and  are  not 
chemically  united.    This,  however,  was  not  always  recognised,  ancl 
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it  may  therefore  be  useful  to  the  student  to  explain  briefly  the 
reasons  which  have  led  to  tin's  conclusion. 

In  tlie  first  place,  although  the  proportion  of  oxygen  is  nearly 
constant,  it  is  not  alDSolutely  so,  and  since  chemical  compounds  are 
of  fixed  comjjosition,  the  ratio  of  their  elements  to  one  another  being 
quite  constant,  air  cannot  be  a  chemical  compound.  Further,  if  we 
attempt  to  express  the  relative  quantities  of  oxygen  and  nitrogen 
in  atomic  proportions,  we  find  the  formula  very  complicated  and 
entirely  unliice  the  formula  of  any  other  known  compound  of  two 
elements.  We  may  mix  together  oxygen  and  nitrogen  gases  in  the 
proportions  in  which  they  occur  in  atmospheric  air,  and  the  mixture 


Fig.  17. 


possesses  all  the  common  physical  and  chemical  properties  of  air 
which  has  been  deprived  of  water  and  carlion  dioxide,  but  in  the 
process  of  mixture  the  two  gases  show  no  signs  of  chemical  action, 
such  as  the  evolution  or  absorption  of  heat  or  change  of  volume  wliich 
is  usually  observed  in  the  formation  of  chemical  compounds  by  union 
of  gases.  Another  sort  of  indication  is  obtained  from  observation  of 
the  fact  that  in  air  the  oxygen  and  nitrogen  pre.serve  their  specific 
properties  independently  of  each  other.  Thus  wlien  air  is  exposed 
to  contact  with  water  the  oxygen  dissolves  more  freely  than  tlie 
nitrogen,  and  tlie  di.s.solved  portion  of  the  air  is  richer  in  oxygen  than 
the  residual  jiortion.  Tliis  will  be  explained  at  length  on  a  later  page 
(see  "Absorption  of  Gases").  Tlie  i)lienomena  of  diffusion  may  also 
be  turned  to  account  as  well  as  the  dialytic  passage  of  gases  througli 
india  rubber,  and  in  all  these  cases,  as  already  explained  (pp.  32-33), 
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a  partial  separation  of  the  oxygen  I'roui  the  nitrogen  is  prcdacible 
by  means  which  do  not  involve  any  chemical  process. 

Deterjiination  of  the  Relative  Densities  of  Gases  A^D 

Vapours. 

Reference  having  already  been  made  to  the  relative  densities  of 
several  gases,  and  as  some  of  the  fundamental  doctrines  of  chemistry 
are  based  upon  a  knowledge  of  these  relations,  a  brief  description 
must  be  given  of  the  chief  methods  employed  for  their  deter- 
mination. 

The  method  employed  by  Regnault,  and  later  by  Lord  Rayleigh, 
for  the  determination  of  the  relative  densities  of  gases,  is  based  upon 
a  very  simple  principle.  A  large  glass  globe  is  filled  vvith  the  gas  in 
a  pure  state,  and  at  a  known  temperature  and  pressure.  In  order  to 
avoid  corrections  as  much  as  possible,  the  globe  in  which  the  gas  is 
weighed  is  counterpoised  by  a  similar  globe  as  nearly  as  possible 
equal  to  it  in  size  and  weight.  The  two  globes  are  suspended  in  a 
glass  case  beneath  the  balance  as  shown  in  figure  17. 

In  order  to  determine  the  weight  of  the  gas,  it  is  necessary  to  add 
to  the  observed  weight,  the  weight  of  an  equal  volume  of  air  at  the 
same  temperature  and  pressure  ;  that  is  to  say,  the  air  displaced  by 
the  gas.  The  sum  of  these  weights  divided  by  the  weight  of  the  air 
gives  a  quotient  which  is  the  density  of  the  gas  compared  with  the 
air  as  unit.  If  it  is  desired  to  express  the  density  in  relation  to 
hydrogen,  the  value  must  be  multiplied  by  14'42. 

Experiment. — Although  the  accurate  determination  of  the  densities 
of  gases,  especially  of  those  which  are  comparatively  light,  is  not 
within  the  capacity  of  inexperienced  students,  a  sufficient  approx- 
imation to  the  density  of  heavier  gases  may  be  easily  attained  even 
by  beginners  in  the  following  manner : — 

Two  globes  are  taken  of  tlie  form  shown  in  figure  18,  and  tlie 
tubes  fitted  with  stoppers  made  of  a  jjiece  of  rubber  tube  closed  at 
one  end.  The  globes  should 
be  chosen  so  as  to  have  as 
nearly  as  possible  the  same 
capacity  and  weight,  the  one 
being  used  as  the  counterpoise 
of  the  other,  linal  adjustment  £ 
of  tlie  weight  being  made  by 
the  use  of  lead  foil  or  small 
shot.  The  capacity  of  the 
globe,  which  is  to  be  tilled 
with  the  gas,  must  have  been  determined  once  for  all  by  filling 
it  with  water  and  weighing  or  running  out  the  water  into  a  measur- 
ing vessel.  The  globe  must,  of  course,  be  dried  before  attempting 
to  counterpoise  it  or  fill  it  with  gas.  If  the  gas  is  heavier  than  air 
it  is  admitted  into  one  tube,  while  the  other  is  directed  vertically 
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ui^waids ;  with  a  light  gas  the  position  would  be  reversed.  When 
lull,  the  ends  of  the  globe  are  restopped,  and  it  is  again  placed 
npon  the  balance.  Weights  will  now  be  required  to  restore  equili- 
brium, and  the  calculation  can  then  be  made  as  in  the  following 
example  : — 


Cajiacity  of  globe,  235  cc. 

Weight  of  1  cc.  of  air  at  normal  tem^oerature  and  pressure, 
•0012937  gram. 

Weight  of  1  cc.  of  air  at  17°  (temperature  of  room),  '00122  nearly. 
Weight  of  carbon  dioxide  in  globe,  "150  gram. 
Weight  of  air  displaced  by  this  235  cc.  of  gas,  '286  gram. 
Weight  of  235  cc.  of  carbon  dioxide,  therefore,  '286 +  '150  =  "436. 

Density  of  gas        =  1-524  (air  =  l),   or   1  524  x  14-42  =  21-97 
(H  =  1).    Calculated  from  formuLi,  22  0. 


Fig.  19. 


Vapours. — 1.  Diimas'  Method.  This  method  consists  in  deter- 
mining the  Aveight  of  a  given  volume  of  the  vapour  at  a  known 
pressure  and  temperature.  A  glass  globe  about  3  inches  in 
diameter,  having  its  neck  softened  and  drawn  out  in  the  blowpipe 
flame,  is  accurately  weighed.  About  6  or  7  grams  of  the  volatile 
liquid  are  then  introduced,  by  gently  warming  the  globe  and  dipping 
the  point  into  the  liquid,  which  is  then  forced  upwards  by  the  pres- 
sure of  the  air  as  the  vessel  cools.  The  globe  is  heated  in  a  bath  of 
water,  oil,  or  melted  paraffin  to  a  temperature  from  30^  to  50"  above 
the  boiling  point  of  the  liquid,  in  oi-der  to 
bring  the  vapour  as  nearly  as  possible  into  the 
state  in  which  it  obeys  the  laws  of  gaseous 
exj^ansion  and  contraction  by  alteration  of 
pressure  and  temperature.  The  liquid  is  then 
rapidly  converted  into  vapour,  which  escapes 
by  the  narrow  orifice,  chasing  before  it  the 
air  of  the  globe.  When  the  issue  of  vapour 
has  wholly  ceased,  and  the  temperature  of  the 
bath  appears  nearly  uniform,  the  open  ex- 
tremity of  the  ])oint  is  sealed  by  a  small  blow- 
pipe llanie.  The  globe  is  removed  from  the 
bath,  sull'ered  to  cool,  cleansed  if  necessary, 
and  weighed,  after  which  the  neck  is  broken 
off  beneath  the  surface  of  water  which  has 
been  boiled  and  cooled  out  of  contact  of  air. 
The  liquid  enlers  the  globe,  and,  if  the  ex- 
pulsion of  the  air  by  the  vajjour  has  been  complete,  tills  it ;  if  other- 
wise, an  air-bubble  is  left,  whose  volume  can  be  easily  ascertained 
by  lining  it  up  with  water  from  a  burette  or  other  measuring  vessel. 
The  capacity  of  the  vessel  is  determined  by  weighing  the  water  it 
contains. 
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From  tliese  data  the  vapour-density  (D)  may  be  calculated  by 
means  of  the  formula  : 

_  P  +  Ync  _ 
(V  -  v)n't 

P  =  dillerence  of  weight  (in  grams)  between  the  globe  filled  with, 
air  and  when  tilled  with  vapour. 

V  =  capacity  of  globe  in  cubic  centimetres. 

nt  =  weight  of  one  cubic  centimetre  of  air  at  the  temperature  at 
which  the  globe  filled  with  air  was  weighed. 

n't  =  weight  of  one  cubic  centimetre  of  air  at  the  temperature  of 
sealing  the  globe. 

V  is  the  residual  air. 

The  values  of  nt  and  n't  (in  grams)  for  every  five  degrees  centi- 
grade from  0°  to  300°  are  given  in  the  Appendix,  Table  VII. 

In  very  exact  experiments  account  must  be  taken  of  the  change 
of  capacity  of  the  glass  globe  by  the  high  tempei'ature  of  the  batli. 
When  this  correction  is  neglected,  the  density  of  the  vapour  will 
come  out  a  little  too  high.  The  error  of  the  mercurial  thermometer 
ac  high  temperatures  is,  however,  in  the  opposite  direction. 

The  preceding  method  is  applicable  to  the  determination  of  the 
A'apour-densities  of  all  substances  whose  boiling  points  are  within 
the  range  of  the  mercurial  thermometer,  that  is  to  say,  not  exceed- 
ing 300°  C,  and  therefore  to  nearly  all  volatile  organic  compounds  ; 
indeed,  there  are  but  few  such  compounds  which  can  bear  higher 
temperatures  without  decomposition.  But  for  mineral  substances, 
such  as  sulphur,  iodine,  volatile  metallic  chlorides,  etc.,  it  is  often 
necessary  to  employ  much  higher  temperatures  ;  and  for  such  cases 
a  modification  of  the  process  was  devised  by  Deville  and  Troost. 
It  consists  in  using  a  globe  of  porcelain  instead  of  glass,  heating  it 
in  the  vapour  of  a  substance  whose  boiling  point  is  known  and  con- 
stant, and  sealing  the  globe  by  the  flame  of  the  oxy-hydrogen  blow- 
pipe. The  vapours  employed  for  this  purpose  ai'e  those  of  mercury, 
which  boils  at  350°  ;  of  sulphur,  which  boils  at  440°  ;  of  cadmium, 
boiling  at  860°  ;  and  of  zinc,  boiling  at  1040°.  The  use  of  these 
liquids  of  constant  boiling  point  obviates  the  necessity  of  deter- 
mining the  temperature  in  each  experiment. 

2.  Gay-Lussac's  Method. — This  method  con.sists  in  ascertaining  the 
volume  occujiied  by  a  given  weight  of  a  substance  when  converted 
into  vapour  at  a  known  temperatui'e  and  pressure.  It  is  most  readily 
performed  with  the  apparatus  contrived  by  Hofmann,  of  which  a 
modification  is  shown  in  fig.  20.  A  glass  tube  about  a  metre  long 
and  15  to  20  mm.  wide,  is  filled  with  mercury  and  inverted  into 
?i  small  wooden  mercurial  trough,  a,  whereby  a  barometric  vacuum 
20  to  30  mm.  high  is  formed  at  the  top.  The  long  tube  is  enclosed 
in  another  tube,  d,  30  to  40  mm.  wide  and  800  to  900  mm.  long, 
connected  at  the  top  with  a  conducting  tube  of  moderate  width, 
which  is  bent  at  riglit  angles,  and  attached  to  a  condenser,/,  which 
returns  to  a  copper  vessel,  c,  in  which  water,  aniline,  or  other  liquid 
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can  be  boiled.  The  lower  part  of  the  Avide  tube  dips  into  the 
mercury  of  the  trough  in  which  the  barometer-tube  stands,  and 
into  tlie  space  between  these  two  tubes  a  stream  of  vapour  of  water, 

aniline,  or  other  vola- 
Flg-  20.  tile  liquid  can  be  made 

to  pass  from  the  boiler, 
so  as  to  keep  the  whole 
of  the  barometer-tube 
at  the  temperature  re- 
quired for  the  deter- 
mination. A  reserA'^oir, 
b,  of  mercury  is  con- 
nected with  the  trough, 
and  by  raising  or  lower- 
ing this  the  level  of 
the  mercury  can  be 
regulated.     The  sub- 
stance whose  vapour- 
density  is  to  be  deter- 
mined,  is  introduced 
into    the  barometric 
vacuum  in  small  glass 
tubes      fitted  with 
ground  stoppers,  wliich 
are  forced  out  by  the 
tension  of  the  vapour. 
The  great  advantage  of 
this  method  is  that, 
under  the  very  small 
l^ressure  to  which  the 
enclosed  vapour  is  sulj- 
jected — which  may  be 
reduced  to  20  or  even 
10  millimetres  of  mer- 
cury —  the  determina- 
tions may  be  made  at 
comparatively  low  tem- 
peratures. Thus,  in  the 
case  of  liquids  boiling 
under    the  ordinary 
jjressure  at  120°  or  even 
150°,  tlie  vapour-den- 
sity may  be  accurately 
deternmied  at  tlie  tem- 
perature   of  boiling 
water. 

By  this  mode  of  proceeding,  we  ascertain  the  volume  which  a 
known  weight  W  of  substance  occupies  at  a  given  temperature 
and  pressure  ;  and  dividing  this  by  W,  the  weight  of  an  equal 
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volume  V  of  air  at  the  same  pressure  and  temperature,  wliicli  is 
given  by  tlie  formula — 


W  =  0-001293  V 


1 


I  +  0-00367  T 


P_ 
760  ' 


0-001293  being  the  weiglit  in  grams  of  a  cubic  centimetre  of  air  at 
0°  C.  and  760  mm.  pressure,  and  0-00367  the  coefficient  of  expansion 
of  gases,*  we  obtain,  for  the  density  of  the  vapour,  the  expression — 

760 
P  ' 


W'  _  1  +  0-00367  T 
^  ~  W  ~  0-001293  Y 


Fig.  21. 


cl 


3.  V.  and  C.  Meijej-'s  Method. — This  is  a  very  simple  method  of 
determining  vapour-densities,  and  applicable  to  substances  either  of 
low  or  of  high  boiling  point.  Its  simplicity  consists  in  this,  that  it 
does  not  require  the  determination  eitlier  of  the  temperature  to 
which  the  vapour  is  heated,  or  of  the  volume  of  the  vapour  at  that 
temperature — both  these  quantities  being  eliminated  in  the  ex- 
pression for  tlie  vapour-density — but  only  of  the 
volume  of  air  displaced  by  the  vapour  evolved,  this 
volume  being  measured  at  the  atmospheric  tempera- 
ture. The  apparatus  (fig.  21)  consists  of  a  cylindrical 
glass  bulb,  /),  having  a  capacity  of  about  100  cc,  to 
which  is  attached  by  I'usion  a  tube  600  mm.  long, 
terminating  in  a  thimble-shaped  enlargement,  and 
having  attached  to  it  a  side  exit-tube  a,  by  which 
the  displaced  air  is  transferred  to  a  graduated  tube 
standing  in  a  small  M'ater-trough.  For  substances  of 
boiling  point  not  exceeding  310°,  the  bulb  is  heated 
in  a  glass  tube,  which  terminates  below  in  a  bulb  c 
containing  various  liquids,  according  to  the  volatility 
of  the  substance  under  experiment,  viz.,  aniline 
(b.  p.  181-5°),  toluidine  (202°),  ethyl  benzoale  (212°), 
amyl  benzoate  (261°),  diphenylamine  (310°).  The 
mode  of  working  is  as  follows  : — The  bulb,  into  wliich 
a  little  ignited  asbestos  has  been  introduced,  is  fixed 
in  position  in  the  bath,  the  end  of  the  exit-tube  a 
dijjping  into  the  water-trough  below  the  mouth  of 
the  graduated  tube,  which  is  filled  with  water  and 
inverted.  A  cork  is  now  inserted  into  the  top  of 
the  vertical  tube  at  d,  and  the  extremity  of  the  exit-tube  a  is 
watched,  to  see  that  the  temperature  in  the  bulb  is  uniform.  The 
cork  is  now  taken  out,  the  small  tube  containing  the  substance  is 
dropped  in,  and  the  cork  is  quickly  replaced.  The  first  few  bubbles 
of  air  are  suffered  to  escape,  but  immediately  afterwards  the  inverted 
tube  is  placed  quickly  over  the  point  of  the  delivery  tube  a.  The 
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have  been  calculntcil  by  C. 
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substance  is  soon  volatilised  and  displaces  air,  which  issues  in  a 
rapid  stream  into  the  graduated  tube  ;  and  as  soon  as  air  ceases  to 
come  over,  the  cork  is  removed,  and  the  air  collected  is  cooled  and 
measured. 

The  density  of  the  vapour  is  calculated  by  the  formula 


in  wliicli  S  denotes  the  weight  of  substance,  t  the  temperature  of  the 
water,  B  the  barometric  pressure  reduced  to  0°,  w  the  tension  of 
aqueous  vapour,  and  V  the  volume  of  air  displaced. 

For  temperatures  above  310°,  a  bath  of  molten  lead  is  employed  ; 
and  lor  determining  the  vapour-densities  of  inorganic  compounds 
which  volatilise  only  at  a  red  heat  or  at  still  higher  temperatures, 
the  glass  vessel  is  replaced  by  one  of  porcelain  or  platinum  heated  in 
a  gas-furnace. 


When  water  is  heated  in  a  boiler  the  space  above  the  surface  of 
the  liquid  becomes  filled  with  the  vapour  of  water,  which  is  a  clear, 
transparent  substance  like  common  air,  becoming  visible  in  the  form 
of  cloud  only  when  it  escapes  into  the  atmosphere,  and  is  thus 
chilled,  so  tliat  a  portion  of  it  is  converted  into  minute  drops  of 
liquid.  The  water  vapour  exerts  upon  the  sides  of  the  boiler  a 
l^ressure  whicli  remains  constant  after  it  has  reached  a  maximum,  so 
long  as  the  temperature  neither  rises  nor  falls.  If  now  the  space 
occupied  by  the  steam  is  reduced,  or  pressure  ujion  the  vapour  in 
any  way  increased,  a  jjortion  of  it  will  return  to  the  liquid  state 
until  the  pressure  again  falls  to  its  former  amount  ;  conversely,  if 
the  pressure  on  the  steam  is  reduced  more  water  will  evaporate. 
Similarly,  if  the  temperature  is  raised,  more  vapour  is  produced 
and  tlie  pressure  is  increased  ;  while,  if  the  temperature  falls,  a 
portion  of  the  vapour  returns  to  the  liquid  state.  Vapour  of  water 
rnider  these  circumstances  does  not  comply  with  tlie  law  of  Boyle, 
nor  with  the  law  of  Gay-Lussac  ;  it  is,  therefore,  not  a  gas.  But  by 
raising  the  temperature  of  a  vessel  containing  water  sutliciently  high 
to  cause  all  the  water  to  evaporate,  and  the  resultant  vapour  to  be 
heated  considerably  beyond  the  temperature  at  wliich  any  portion 
of  it  can  remain  liquid,  the  vapour,  witliout  changing  in  chemical 
composition,  becomes  a  gas.  This  distinction  will  be  further  ex- 
plained a  little  later. 

The  first  experiments  on  the  liquefaction  of  common  gases  were 
made,  about  1805,  by  Northmore,  who,  by  the  use  of  a  brass  con- 
densing syringe  and  glass  receivers,  succeeded  in  liquefying  chlorine 
and  probably  also  sul]ihur  dioxide.  But  more  generally  successful 
experiments'  in  this  direction  were  made  by  Faraday  who,  acting 
upon  the  idea  that  gases  are  merely  vapours  of  very  volatile  liquids, 
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succeeded  in  liquefying  eight  gases  previously  regarded  as  permanent. 
The  subjoined  table  shows  the  results  of  his  first  investigations  witli 
the  pressure  in  atmosjiheres,  and  the  temperatures  at  which  the 
condensation  takes  place. 

Temperatures. 


Atmospheres.       ¥.  C. 

Sulphur,  2  4.'-)°  7-2° 

Hydrogen  sulphide,        .       .      17  50  10 

Carbon  dioxide,       ...     36  32  0 

Chlorine,        ....       4  60  15-5 

Nitrogen  monoxide,     .   .       .50  45        .  7"2 

Cyanogen  3'6  45  7  2 

Ammonia,      .       .       .       .       6"5  50  10 

Hydrogen  chloride,  ...      40  50  10 


The  method  of  proceeding  was  very  simple  :  the  materials  were 
sealed  up  in  a  strong  narrow  tube,  together  with  a  little  pressure- 
gauge,  consisting  of  a  slender 
tube  closed  at  one  end,  and 
having  within  it,  near  the 
open  extremity,  a  globule  of 
mercury.  Tlie  gas  being 
disengaged  by  heat,  or  by 
causing  the  materials  to  act 
upon  each  other,  accumu- 
lated in  the  tube,  and  by  its  own  pressure  brought  about  condensa- 
tion. The  pressure  required  for  this  purpose  was  judged  of  by  the 
diminution  of  volume  of  the  air  in  the  gauge. 

By  the  use  of  strong  glass  tubes,  powerful  condensing  syringes, 
and  a  low  temperature,  produced  by  means  to  be  presently  de- 
scribed, ethylene  gas,  hydriodic  and  liydiobroniic  acids,  phospho- 
retted  hydrogen,  and  the  gaseous  fluorides  of  silicon  and  boron,  were 
successively  liquefied.  Oxygen,  hydrogen,  nitrogen,  nitric  oxide, 
carbon  monoxide,  and  marsh-gas,  refused  to  liquefy  even  at  -166°  F. 
while  subjected  to  pressures  varying  from  27  to  58  atmospheres. 

Thilorier,  of  Paris,  succeeded  in  obtaining  li([uid  carbon  dioxide 
in  much  larger  quantity  by  a  similar  process.  His  apparatus  (tig.  23) 
consisted  of  a  pair  of  strong  metallic  vessels,  one  of  whicli  served  the 
purpose  of  a  retort,  and  the  other  that  of  a  receiver.  They  were 
made  originally  of  thick  cast-iron,  but  in  consequence  of  an  accident 
l)y  the  bursting  of  one  of  these  vessels,  gun-metal  and  wrought-iron 
were  subsequently  employed.  The  generating  vessel  or  retort  had 
a  pair  of  trunnions  upon  which  it  swung  in  an  iron  frame.  The 
joints  were  secured  by  collars  of  lead,  and  every  precaution  taken 
to  prevent  leakage  under  the  enormous  pressure  whicli  the  vessel 
lias  to  bear.  Bicarbonate  of  soda  and  water  were  placed  in  tlie 
retort  together  with  a  copper  tube  filled  with  sulphuric  acid  by 
which  the  carbonate  was  tlecomposed.  The  receiver  resembled  the 
retort  in  every  respect ;  it  had  a  similar  stop-cock,  and  was  connected 
with  the  retort  by  a  strong  copper  tube  and  a  pair  of  union  screw- 
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joints  ;  a  tube  passed  from  the  stnp-cock  downwards,  and  terminated 
near  the  bottom  of  tlie  vessel. 

The  gas  having  been  generated  by  mixing  tlie  acid  with  the  car- 
bonate in  the  retort,  distillation  of  the  liquid  into  the  receiver  was 
effected  by  placing  the  latter  in  cnld  water  and  opening  communica- 
tion between  the  two  vessels. 


KiK.  2:!. 


In  1822  it  was  shown  by  Cagnard  de  la  Tour  that  ether,  alcoliol, 
and  even  water  when  heated  in  strong  glass  or  steel  tube.<  may  be 
completely  converted  into  gas  which  occupies  a  volume  no  more 
than  about  twice  the  volume  of  the  liquid  itself.  The  pressure 
exei'cised  in  such  cases  is  very  great,  and  Faraday  recognised  the 
improbability  that  increase  of  pressure,  such  as  any  possiVde  appara- 
tus could  bear,  would  be  sufficient  to  reduce  this  gas  again  to  a 
liquid.  He  further  perceived  that  the  lowest  temperature  he  had 
l)eeu  able  to  obtain,  namely,  -KiG"  F.,  or  -110°  C,  was  probably 
above  the  temi)eiaturo  at  wiiich  hydrogen,  oxygen,  and  nitrogen 
enter  into  tlie  state  corresponding  to  that  of  ether  in  the  (experiments 
of  de  la  Tour,  and  heuce  that  no  com])ression  without  the  conjoint 
apiilication  of  a  greater  degree  of  cold  tiian  had  as  yet  l)een  reaciieii 
would  be  sutlicient  to  change  these  gases  to  liquids.  This  lu-evision 
was  conlirmed  by  the  further  exact  observations  publislied  by 
Andrews  in  1809. 

Andrews  observed  that  when  liquid  carbon  dioxide  is  gradually 
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heated  in  a  sealed  tube  to  31%  the  suiface  of  demarcation  between 
the  liquid  and  gas  becomes  I'ainter,  loses  its  curvature,  and  at  Uist 
disappears.  The  space  is  then  occupied  by  a  homogeneous  tluid, 
which  exhibits,  when  the  pressure  is  suddenly  diminished,  or  the 
temperature  sliglitly  raised,  a  peculiar  aj^pearance  of  moving  or 
flickering  strire  throughout  its  entire  mass.  At  temperatures  above 
32'  no  apparent  liquefaction  of  carbon  dioxide  or  separation  into 
two  distinct  fcjrms  of  matter  can  be  efl'ected,  even  under  a  jDressure 
of  300  or  400  atmospheres.  Similar  results  are  obtained  with 
nitrous  oxide. 

It  appears,  indeed,  that  there  exists  lor  every  liquid  a  temperature, 
called  by  Andrews  the  "  critical  point,"  above  which  no  amount  of 
pressure  is  sufficient  to  retain  it  in  the  liquid  form  ;  it  is  therefore 
not  surprising  that  mere  pressure,  however  intense,  should  fail  to 
liquefy  many  bodies  which  usually  exist  in  the  form  of  gas. 

Under  the  enormous  pressures  to  which  gases  can  be  thus  sub- 
jected without  liquefaction,  they  deviate  greatly  I'rom  the  laws  of 
Boyle  and  Gay-Lussac  (pp.  27-29).  Andrews  found  that  carbon 
dioxide  at  60'7°  under  a  pressure  of  223  atmospheres,  is  reduced  to 
j|-y  of  its  original  volume,  or  to  less  than  one-half  the  volume  it 
should  occupy  if  it  contracted  according  to  Boyle's  law.  The  co- 
efficient of  expansion  of  the  same  gas  by  heat  increases  rapidly  with 
the  pressure  ;  between  6°  and  64°  it  is  1|  times  as  great  under  22 
atmospheres,  and  more  than  2|  times  as  great  at  40  atmospheres  as 
at  the  pressure  of  1  atmosphere. 

These  remarkable  observations  afl'ord  the  means  of  discriudnating 
a  gas  from  a  vapour.  A  body  can  be  said  to  exist  as  a  gas  only  when 
at  temperatures  above  its  critical  point,  and  when  the  pressure  is  less 
than  the  critical  pressuj'e,  that  is  the  pressure  which  the  substance 
exerts  at  its  critical  point.  And  recognising  the  impossibility  of 
liquefying  a  gas  when  at  temperatures  above  the  critical  point,  the 
object  of  all  subsequent  experiment  has  been  to  cool  the  gas 
sufficiently  wliile  the  pressure  is  applied.  Acting  on  this  princijile 
all  the  six  gases  remaining  uncondensed  by  Faraday  have  now  been 
obtained  in  the  liquid  and  some  even  in  the  solid  state.  The  lirst 
step  was  accomplished  at  the  end  of  the  year  1877  when  MM. 
Cailletet  and  Piclet  almost  simultaneously  communicated  the 
results  of  their  experiments  to  the  French  Academy  of  Sciences. 

Pictet's  method  was  similar  in  princijde  to  that  used  by  Faraday. 
In  an  apparatus  of  which  the  essential  ])arts  are  shown  in  the 
accompanying  figure  24,  oxygen  Avas  generated  liy  heating  potassium 
chlorate  in  a  strong  wrought-iron  bottle,  L,  to  wliicli  was  attached  a 
copper  tube,  M,  surrounded  by  a  second  tube  containing  liquid 
carbon  dioxide,  H,  boiling  under  reduced  pressure  so  as  to  give  a 
temperature  of  about  -  140"  C.  The  carbon  dioxide,  as  it  was  drawn 
away  Ijy  the  ])umps,  E,  F,  was  cooled  by  means  of  liquid  sulphur 
dioxide,  contained  in  a  wide  tube,  C,  to  about  -  G5°  C,  as  it  is  tiu;n 
easily  comi)res.sed  again  into  the  li(|uid  state.  A  and  B  represent 
the  pumps  by  which  the  evaporated  sulphur  dioxide  is  drawn  olf 
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and  compressed  into  the  receiver  D,  which  is  surrounded  by  cold 
water. 

The  apparatus  used  by  Cailletet  was  constructed  upon  a  different 
principle.  When  a  f;as  is  compressed  heat  is  given  out,  and  if, 
when  under  pressure,  it  is  allowed  to  expand,  heat  is  absorbed.  If 
this  latter  operation  is  carried  out  under  proper  conditions,  the  gas 
is  so  chilled  that  a  portion  of  it  may  be  condensed  to  the  liquid  or 


Fig.  24. 

N 


solid  state.  Cailletet  conipressed  tliegas  under  ex[)erinieut  by  means 
of  a  hydraulic  pump.  The  gas  was  contained  in  a  glass  reservoir 
(T,  fig.  25),  tlie  upper  part  of  which  consisted  of  a  narrow  thick- 
walled  tube,  the  lower  end  being  ]ilunged  into  mercury.  The  mer- 
cury was  covered  by  water  which  filled  the  pump,  and  when  the  latter 
was  worked,  the  mercury  was  driven  into  the  glass  vessel,  and  so 
compressed  the  gas  to  any  desired  degree.  If  the  tube  was  filled  with 
oxygen,  no  visible  liquefaction  occurred  under  a  pressure  of  even  300 
atmosi)heres  if  the  temperature  was  above  119"  C,  but  if  the  pressure 
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was  suddenly  released,  ta  mist  appeared  which  collected  ia  small 
drops  on  the  sides  of  the  tube.  An  apparatus  slightly  modified  from 
the  original  form,  and  adapted  for  lecture  demonstration,  is  shown  in 
the  accompanying  ligure,  in  which  P  is  the  hydraulic  pump,  P'  a 
plunger  for  obtaining  higher  pressures  worked  by  the  wheel  V,  while 
the  screw  V  gives,  when  required,  the  release  of  pressure. 

The  use  of  liquid  ethylene  as  a  cooling  agent  has  enabled  experi- 
menters to  improve  upon  Pictet's  apparatus  without  altering  the 


Fig.  25. 


principle.  It  was  with  the  aid  of  boiling  ethylene  that  Professor 
Olszewski  first  liquefied  oxygen  in  considerable  quantity  in  1891. 

Since  that  time  liquid  oxygen  and  liquid  air  have  been  prepared 
in  much  larger  qiiantity  by  Professor  Dewar  in  apparatus  of  tiie 
same  type,  and  liquid  oxygen  is  now  regularly  employed  as  a  cooling 
agent,  especially  in  the  various  attempts  which  have  been  made  to 
liquefy  hydrogen.  Tiie  critical  temi)craturc  of  hydrogen  has  been 
estimated  to  Ije  at  -  2.34"r)°,  consequently  it  is  only  possible  to  eft'ect 
the  li(piefaction  of  this  gas  by  a  combination  of  the  principles  of 
Pictet  and  Cailletet,  that  ia  to  say  the  gas  must  be  cooled  as  much  a.s 
I)ossible,  and  further  cooled  by  exjiansion  from  pressure.  Olszewski 
states  that  he  obtained  evidence  of  liipiefaction  of  hydrogen  in  1884, 
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by  cooling  in  liquid  oxygen,  which  boils  in  vacuo  at  -211'',  and 
reducing  the  pressure  on  the  gas  from  190  atniosplieres  to  about  20 
atmospheres,  its  critical  pressure.  Figure  26  exhibits  the  arrange- 
ment employed  by  Olszewski  for  observing  the  liquefaction  of 
hydrogen  and  determining  its  critical  temperature  and  the  boiling 
point  of  the  liquid.  The  cylinder  a,  of  Avhich  only  tlie  lower  part 
is  shown,  contains  liquid  oxygen  collected  by  the  combined  agency 
of  pressure  and  cooling  by  means  of  liquid  ethylene.  The  glass 
tube,  /,  is  destined  for  the  reception  of  the  liquefied  hydrogen  :  it  is 


Fig.  -26. 


contained  within  a  larger  glass  tube,  e,  with  thin  walls  and  sur- 
rounded by  two  others,  closed  above  by  a  brass  plate,  g.  The  top  of 
the  tube  /  is  connected  with  the  pressure-gauge  b,  and  with  tlie  iron 
bottle  c  containing  pure  and  dry  hydrogen  under  a  pressure  of  150 
atmospheres.  The  cock  I  serves  to  let  the  hydrogen  out  of  the 
tube  /;  thus  producing  the  expansion.  Through  the  upper  end  of 
the  tube/,  which  is  closed  by  the  screw  m,  a  thermo-electric  junction, 
or  a  platinum  resistance  thermometer,  is  introduced  when  the  tem- 
perature of  the  hydrogen  is  to  be  determined.  In  order  to  perform 
the  experiment,  the  li(|uid  oxygen  fr  lUi  a  is  allowed  to  flow  into  the 
tube  e,  and  by  means  of  a  pump  attached  to    it  is  made  to  boil  and 
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tlie  temperature  is  reduced  to 
-211°.  Hydrogen  is  then  ad- 
mitted into  the  tube  /,  at  a  pres- 
sure of  80  atmospheres  or  more, 
aud  by  opening  I  a  slow  expan- 
sion is  produced,  so  that  the 
tempei'ature  of  the  gas  sinks 
below  the  critical  point  and  a 
portion  of  it  is  liquefied.  Liquid 
hydrogen  is  said  to  boil  at 
-243-5°  C. 

The  process  of  cooling  a  gas  by 
its  own  expansion  lias  latterly 
been  applied  in  a  cumulative 
form  to  the  liquefaction  of  oxy- 
gen and  air  without  the  xise  of  a 
cooling  agent,  such  as  liquid 
carbon  dioxide  or  ethylene.  An 
apparatus,  in  which  this  prin- 
ciple is  applied,  and  in  which 
indefinitely  large  quantities  of 
air  can  be  liquefied,  has  been 
constructed  by  Herr  Linde.* 

A  simple  form  of  apparatus, 
suitable  for  laboratory  purposes 
where  only  small  quantities  of 
liquid  are  required,  has  been 
devised  l)y  Dr  W.  Hampson. 
In  this  case,  as  in  the  larger 
apparatus  of  Linde,  the  com- 
pressed gas  passes  through  con- 
centric coils  A,  B,  C,  D,  E,  F 
(fig.  27)  round  which  circulates 
the  cold  expanded  air  after 
escape  from  a  narrow  orifice  G 
of  peculiar  construction.  The 
gas,  as  it  liquefies,  is  collected 
in  a  double- walled  glass  tube 
H.I.,  of  which  the  s]iace  between 
the  walls  has  been  rendered 
vacuous  and  thus  non-conduct- 
ing. The  use  of  vacuum  vessels 
for  this  purpose  was  iiitroduced 
by  Professor  Dewar.  Hamp- 
son's  apparatus  lias  been  modi- 
tied  by  Mr  Lennox,  so  as  to 

*  A  description  of  this  apjiartiUis 
will  be  I'ouiul  in  The  Jinjiiiccv, 
October  4,  189.".. 
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economise  the  compressed  air  or  other  gas  which  it  is  deeirecl  to 
liquefy.  In  this  form  of  apparatus  the  coils  are  first  cooled  to 
about  -80",  by  passing  liquid  carbon  dioxide  into  alcohol  contained 
in  the  case  which  surrounds  the  coil,  and  by  tlie  addition  of  this 
device,  oxygen  rek^ased  from  a  pressure  of  about  120  atmospheres 
may  be  collected  in  a  liquid  form  in  a  few  minutes. 

In  the  following  table  are  given  the  j^hysical  characters  of  the  six 
gases  formerly  described  as  permanent  gases  : — 


Name. 

Critical 
Temperature. 

Critical 
Pressure. 

Atmospheres. 

Boiling  Poiut 

under 
Atmospheric 
Pressure. 

Freezing 
Point. 

Hydrogen,  . 

o 

-234-5 

20 

o 

-243-5 

O 

? 

Nitrogen, 

- 146-0 

35 

-194-4 

-214-0 

Carbonic  Oxide,  . 

-139-5 

35-5 

-1900 

-207-0 

Oxygen, 

-118-8 

50-8 

-182-7 

? 

Nitric  Oxide, 

-93-5 

71-2 

-153-6 

- 167-0 

Methane, 

-81-8 

54  9 

-164-0 

- 185-8 
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When  any  solid  substance  capable  of  bearing  the  fire  is  heated  to 
a  certain  point,  it  emits  light,  the  character  of  which  depends  upon 
the  temperature.  Thus  a  bar  of  platinum  or  a  piece  of  porcelain, 
raised  to  a  particular  temperature,  becomes  what  is  called  red-hot, 
or  emissive  of  red  light ;  at  a  higher  degree  of  heat,  this  light 
becomes  whiter  and  more  intense,  and  when  urged  to  the  utmost, 
as  in  the  case  of  a  piece  of  lime  placed  in  the  ilame  of  the  oxy- 
hydrogen  blow-pijie,  the  light  becomes  exceedingly  powerful,  and 
acquires  a  tint  of  violet.  Bodies  in  these  states  are  said  to  be  iman- 
descent  or  ignited. 

If  now  the  same  experiment  be  made  on  a  piece  of  charcoal, 
similar  elt'ects  will  be  observed  ;  but  something  in  addition,  for 
whereas  the  jilatinum  and  porcelain,  when  removed  from  the  fire, 
or  the  lime  from  the  blow-jnpe  Ilame,  immediately  begin  to  cool, 
and  emit  less  and  less  light,  until  they  become  quite  dark,  the  char- 
coal maintains  to  a  great  extent  its  high  temperature.  Unlike  the 
other  bodies,  too,  which  suffer  no  change  whatever,  either  of  M"eight 
or  substance,  the  charcoal  gradually  wastes  away  until  it  disappears. 
This  is  what  is  called  aniib  nation,  in  contradistinction  to  mere  ignition  ; 
the  charcoal  burns,  and  its  temperature  is  kept  up  by  the  licat 
evolved  in  the  act  of  union  with  the  oxygen  of  the  air. 

In  the  most  general  sense,  a  body  in  a  state  of  combustion  is  one 
in  the  act  of  undergoing  intense  chemical  action  :  any  chemical 


COMBtrSTlON. 


5!) 


rig.  28. 


action  whatsoever,  if  its  energy  rise  sufficiently  liigb,  may  produce 
the  phenomenon  of  combustion,  by  heating  the  body  to  such  an  extent 
that  it  becomes  luminous. 

In  all  ordinary  cases  of  combustion,  the  action  lies  between  the 
burning  body  and  the  oxygen  of  the  air ;  and  since  the  materials 
employed  for  the  economical  production  of  heat  and  light  consist 
of  carbon  chiefly,  or  that  substance  conjoined  with  a  certain  propor- 
tion of  hydrogen  and  oxygen,  all  common  effects  of  this  nature  are 
cases  of  the  rapid  and  violent  oxidation  of  carbon  and  hydrogen  by 
the  aid  of  the  free  oxygen  of  the  air.  The  heat  is  due  to  the  act  of 
chemical  union,  and  the  light  to  the  elevated  temperature. 

By  this  principle,  it  is  easy  to  understand  the  means  which  must 
be  adopted  to  increase  the  heat  of  ordinary  hres  to  the  point  neces- 
sary to  melt  refractory  ■  metals,  and  to  bring  about  certain  desired 
effects  of  chemical  decomposition.  If  the  rate  of  consumption  of  the 
fuel  can  be  increased  by  a  more  rapid  introduction  of  air  into  the 
burning  mass,  the  intensity  of  the  heat  will  of  necessity  rise  in  the 
same  ratio,  the  quantity  of  heat  evolved  being  fixed  and  definite  for 
the  same  constant  quantity  of  chemical  action.  This  increased  supply 
of  air  may  be  effected  by  two  distinct  methods  :  it  may  be  forced 
into  the  fire  by  bellows  or  blowing-machines,  as  in  the  common 
forge  and  in  the  blast  and  cupola  furnaces  of  the  iron-worker  ;  or  it 
may  be  drawn  through  the 
burning  materials  by  the  help 
of  a  tall  chimney,  the  fireplace 
being  closed  on  all  sides,  and 
no  entrance  of  air  allowed,  save 
between  the  bars  of  the  grate. 
Such  is  the  kind  of  furnace 
generally  employed  by  the 
scientific  chemist  in  assaying 
and  in  the  reduction  of  metallic 
oxides  by  charcoal :  the  prin- 
ciple will  at  once  be  under- 
stood by  the  aid  of  the  sectional 
drawing  (fig.  28),  in  which  a 
crucible  is  represented  arranged 
in  the  fire  for  an  operation  of 
the  kind  mentioned.  The  fur- 
nace is,  of  course,  lined  with 
refractory  fire-bricks,  the  top 
consists  of  a  slab  of  cast-iron 
and  the  furnace  mouth,  at  the 
top,  is  closed  l)y  fire-brick  tiles 
bound  with  iron. 

The  "reverberatory"  furnace 
(for  illustrations,  see  Lead  and 

Copper)  is  one  very  much  used  in  tlie  arts  when  substances  are  to  be 
exposed  to  heat  without  contact  with  the  solid  fuel.    The  lire-chamber 
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is  separated  I'rom  the  bed  or  heurtli  of  the  furnace  by  a  wall  or  hriihje 
of  brickwork,  and  the  Hanie  and  heated  air  are  reflected  downwards 
b}'  the  arched  form  of  the  roof.  Any  degree  of  heat  can  be  obtained 
in  a  furnace  of  this  kind — from  the  temperature  of  dull  redness  to 
that  required  to  melt  very  large  quantities  of  cast-iron.  The  fire 
is  urged  by  a  chimney  provided  with  a  slidiug-plate  or  damper  to 
regulate  the  draught. 

Structure  of  Flames. — The  flames  of  hydrogen,  of  coal  gas,  and  of 
a  caudle  or  oil  lamp  burning  in  the  air  present  very  dift'erent 
appearances  but  they  agree  in  being  hollow,  the  chemical  action 
between  the  atmospheric  oxygen  and  the  gases  of  the  flame  being 
confined  to  the  base  of  the  flame,  and  a  region  which  may  be  defined 
as  a  hollow  cone  rising  from  the  base.  A  candle  flame  consists  of 
four  parts  easily  distinguished  by  the  eye.    In  fig.  29  a  candle  flame 

Fig.  20. 


is  compared  with  a  flame  of  the  same  size  of  coal  gas  issuing  from  a 
tube,  and  it  can  at  once  be  seen  that  they  correspond  to  each  other 
in  the  distribution  of  the  several  parts.  At  the  base  (f)  is  a  bright 
blue  region  which  gradually  shades  oft'  into  a  thin  scarcely  luminous 
mantle  (d)  Avliich  sheathes  the  entire  Ihuue.  A  dark  space  occupies 
the  lower  central  portion,  («),  of  each,  and  this  is  surmounted  by  the 
bright  yellow  lununous  portion  (/»),  The  only  essential  difl'erence 
between  a  candle  flame  and  a  gas  (lame  is  the  fact  that  in  the  latter 
tiie  combustible  gas  issues  ready  made  into  the  bottom  of  the  cone  of 
oinbustion,  while  in  the  foi-mer  the  wick  di-aMs  up  tlie  melted  fat 
which  is  then  converted  into  gas  by  the  heat  of  the  llame  itself. 

If  the  gas  in  either  flame  is  mingled  with  air,  as  happens  when 
exposed  to  the  M-ind  or  if  air  be  blown  into  the  flame  through  a  tube, 
the  illuminating  power  disappears  almost  entirely,  and  the  whole 


STRUCTURE  OF  FLAMES. 


61 


flame  presents  the  colour  usually  visible  only  at  the  base.  In  this 
condition  it  no  longer  deposits  soot  upon  a  cold  surface  brought  into 
contact  witli  the  flame.  Advantage  is  taken  of  this  fact  in  the  con- 
struction of  various  so-called  air-burners  commonly  in  use,  not  only 
in  the  laboratory,  but  for  cooking  and  various  domestic  and  manu- 
facturing purposes.  These  are  nearly  all  modifications  of  the  burner 
devised  more  than  thirty  years  ago  by  Bunsen,  and  invariably  known 
as  the  Bunsen  burnei\  The  apparatus  con- 
sists of  a  chamber  a,  at  the  bottom  of  which 
is  a  small  aperture  through  which  the  gas 
issues  from  the  supply-pipe  t,  under  slight 
jjressure.  The  sides  of  this  chamljer, 
usually  made  of  solid  iron  or  brass,  have 
several  holes  for  the  admission  of  atmos- 
pheric air,  and  at  the  top  is  inserted  a 
vertical  brass  tube,  immediately  over  the 
small  hole  from  which  the  gas  escapes.  The 
latter,  issuing  with  some  force,  expands  into 
a  jet,  and  draws  up  with  it  the  air  which 
enters  by  the  side  lioles  ;  and  on  lighting  the  gaseous  mixture  which 
escapes  at  the  top  of  the  tube,  it  burns  with  a  pale,  smokeless  flame, 
of  peculiar  sti'ucture  and  greenish-blue  light.  The  amount  of  air 
admitted  can  be  regulated  by  opening  or  closing  the  lioles  in  the 
base  of  the  burner.  The  flame  should  burn  quietly,  at  the  same 
time  without  any  appearance  of  yellow  light.  If  it  roars,  this  is  a 
sign  that  there  is  an  excess  of  air;  if  luminous,  it 
shows  that  the  air  is  deficient,  and  this  may  hajipen 
either  from  the  closure  of  one  or  more  of  the  air  holes 
at  the  base,  or  from  the  fact  that  the  ajierture  by  which 
the  gas  escapes  into  the  tube  is  too  large,  and,  con- 
sequently, that  the  gas  does  not  draw  in  with  it 
sufficient  air  for  complete  combustion.  The  flame  of 
the  Bunsen  burner  is  shown  diagrammatically  in  figure 
31.  On  examination  of  such  a  flame,  it  will  be  seen 
at  once  that  it  is  made  up  of  two  cones,  of  which  the 
inner  is  more  sharply  defined  than  the  outer.  At  a  is 
a  space  which  is  filled  with  a  cold  nuxture  of  gas  with 
an  amount  of  air  insufficient  for  its  complete  com- 
bustion. That  the  gas  at  this  point  is  cool,  may  be 
demonstrated  by  thrusting  into  it  the  head  of  a  common 
match.  The  wood  pnssing  through  the  shell  of  llanui 
will  be  charred,  but  the  head  will  not  be  ignited  unless 
it  is  raised  to  the  tip  of  tlie  cone  h,  or  drawn  aside  into 
the  space  between  the  inner  and  outer  cones. 

Tlie  double  structure  of  the  Bunsen  flame  and  the 
nature  of  tlic  gases  between  the  two  cones  have  been 
considerably  ehicidated   by  a  beautiful  experiment 
devised  by  Professor  .Smithells.    Tlie  apjiaratus  is  represented  in 
figure  32.  "  A  long  ghiss  tube  h  is  fixed  upon  a  l'>nusen  burner  a,  so  as 
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practically  to  form  an  extension  of  the  brass  tube,  and  the  usual  non- 
luminous  flame  may  be  obtained  at  the  top.    Upon  reducing  the 
supply  of  gas  or  increasing  the  amount  of  air,  tlie  inner  cone  becomes 
shorter  and  greenish  in  colour,  and  by  carefully 
Fig.  32.  regulating  the  gas  supply  the  flame  will  recede 

slowly  down  the  tube,  at  the  same  time  becom- 
ing divided  into  two  sejjarate  cone.«,  the  one 
bright  green  at  a  varying  height  within  the  tube, 
the  other  pale,  scarcely  visiljle,  remaining  at  the 
top.  If  now  a  second  wider  tube  c  be  adapted 
to  the  first,  by  a  rubber  joint  e  and  a  ring  of 
asbestos  d,  as  shown  in  the  figure,  it  will  be  easy 
so  to  adjust  the  gas  supply  that  the  inner  cone 
will  separate  from  the  outer,  descend  the  tube, 
and  sit  permanently  upon  the  mouth  of  the 
inner  glass  tube  h.  The  space  between  the  two  ■ 
cones  will  then  be  filled  with  the  jjroducts  of 
the  combustion  taking  place  in  the  inner  cone, 
together  with  atmospheric  nitrogen.  These 
products  include  not  only  carbon  dioxide  and 
water  vapour,  but  relatively  large  quantities  of 
carbon  monoxide  and  hydrogen.  When  coal  gas 
is  burning  at  a  Bunsen  burner  under  ordinary 
conditions,  the  volume  of  air  mixing  with  the 
gas  in  the  tube  is  about  2i  times  its  volume, 
but  the  mixture  burning  at  the  inner  tube  of 
0-   11  Smithells' burner  contains  about  4'8  volumes  of 

air  to  1  volume  of  gas.  This  is  an  amount  which 
approaches  the  proportion  required  for  complete 
combustion  of  all  the  conibustible  ingredients 
of  the  gas,  and  such  a  mixture  is  explosible. 
If  a  tube  were  filled  with  such  a  mixture  at 
rest,  the  flame  would  travel  along  the  tube  with  a  certain  velocity, 
but  when  the  gaseous  mixture  is  moving  in  the  opposite  direction, 
with  a  velocity  exactly  equal  to  the  rate  of  inflammation,  the  cone 
of  flame  remains  stationary  within  the  tube.  If,  however,  the  flame 
is  capable  of  being  propagated  down  the  tube  faster  than  the 
ascending  current  of  gas,  then  the  flame  will  descend  as  seen  in  a 
Bunsen  burner  when  the  gas  is  turned  too  low  or  too  much  air  is 
admitted,  and  the  flame  strikes  down  with  a  sound  of  exjilosion  to 
the  bottom  of  the  tube. 

LuminosiUj  of  Flame. — Davy,  in  1818,  enunciated  the  theory  that 
the  luminosity  of  the  flames  of  candles  and  oil  is  due  to  "the  decom- 
position of  part  of  the  gas  towards  the  interior  of  the  flame,  where 
the  air  is  in  smallest  quantity,  and  the  deposition  of  solid  charcoal, 
which,  first  by  ignition  and  then  by  its  combustion,  increases  in  a  high 
degree  the  intensity  of  the  light." 

The  explanation  formerly  given  of  this  decomposition  of  the  gas  in 
such  a  flame  was  based  upon  the  assumption  that,  when  a  compound 
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of  carbon  and  hj'drogen  was  ignited  in  the  presence  of  an  amount  of 
oxygen  insufficient  to  oxidise  both  cojupletely,  the  hydrogen  was 
burned  first  to  water,  leaving  more  or  less  of  the  carbon  in  tlie  solid 
state,  which,  becoming  heated  to  a  high  temperature  by  the  burning 
hydrogen,  gave  out  light.  Early  in  the  present  century,  however, 
Ualton  had  observed  that  when  ethylene,  CaH^,  is  fired  with  an 
equal  bulk  of  oxygen,  the  gaseous  products  include  carbonic  oxide 
and  unburnt  hydrogen  ;  and  more  recent  exjjerimenls  of  the  same 
kind  have  proved  that,  when  burnt  with  less  than  its  own  bulk  of 
oxygen,  ethylene  yields  also  appreciable  quantities  of  methane,  CH^, 
and  dense  hydro-carbons,  among  which  acetylene,  CgHj,  is  prominent. 

It  is  therefore  certain  that  the  preferential  combustion  of  the 
hydrogen  cannot  be  the  cause  of  the  liberation  of  carbon  in  the  midst 
of  a  flame,  though  it  is  now  very  generally  admitted  that  the  light  of 
a  common  flame  is  due  to  the  ignition  of  a  cloud  of  minute  solid 
carbon  particles.  The  structure  of  the  flame  of  burning  methyl 
alcohol,  or  common  spirit  of  wine,  appears  to  be  the  same  as  that  of 
the  candle  and  of  common  gas  already  described  ;  but  these  flames 
emit  practically  no  yellow  light.  Compounds  of  this  kind  containing 
a  relatively  small  proportion  of  carbon  give  but  little  light.  It  is 
only  compounds  such  as  those  contained  in  paraffin  or  sperm  oil 
which  are  capalde  of  yielding  a  highly  luminous  flame,  and  the  light 
emitted  is  in  all  cases  considerably  increased  by  increasing  the  tem- 
perature. Marsh  gas,  for  example,  burns  under  ordinary  circum- 
stances with  a  flame  which  gives  very  little  light ;  but  if  it  be  first 
heated  by  passing  through  a  red-hot  tube,  its  luminosity  will  l^e 
greatly  increased. 

That  a  luminous  hydro-carbon  flame  holds  solid  particles  in  sus- 
pension appears  to  be  proved  by  the  fact  that  when  an  image  of  a 
flame  standing  in  the  track  of  the  beam  from  an  electric  arc  is  cast 
upon  a  screen,  the  image  is  seen  to  be  partially  opaque  in  the  part  of 
the  flame  which  is  most  luminous  ;  also  that  when  a  beam  of  sunlight 
is  thrown,  by  means  of  a  lens,  across  a  flame,  two  patches  of  light  are 
seen  on  either  side  of  the  cone  formed  by  the  flame,  such  as  would 
be  produced  by  letting  the  solar  ray  fall  upon  a  cloud  of  dnst  or  of 
smoke.  The  question  as  to  the  origin  of  this  deposited  cloud  of 
solid  carbon  has  not  been  completely  answered.  There  seems  to  be 
a  general  belief  that  it  is  due  to  the  action  of  heat  upon  gaseous 
hydro-carbons  within  the  cone  of  combustion,  but  there  is  much 
difference  of  opinion  as  to  the  chemical  nature  of  the  change.  On 
the  one  hand  it  might  result  from  the  splitting  up  of  ethylene  into 
methane  and  carbon, 

C2H,  =  CH,  -f  C. 

Or  since  acetylene  is  always  present  in  the  interior  of  such  flames, 
and  it  is  an  endothermic  (sec  later  in  the  book)  compound,  its  decom- 
position has  l)een  supposed  to  be  the  source  of  the  dcj)0sited  carbon. 

The  solid  particle  theory  was  sui)i)orted  by  Davy  liy  exjjcriments 
showing  tliat  the  intioduclion  of  solid  matter,  even  thounli  incom- 
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bustible,  into  a  non-luminous  flame  of  burning  hj'drogen  or  spirit  of 
wine,  made  it  give  out  light.  Thus,  powdered  magnesia,  lime,  or  dust 
of  any  kind,  thrown  into  such  a  flanie,  causes  luminescence,  and  at 
the  present  time  advantage  is  taken  of  the  property  of  glowing 
brightly  wlien  heated,  possessed  by  many  solid  earths,  in  the  produc- 
tion of  the  so  called  "incandescent"  gas  burners  now  common  every- 
where. Another  example  of  the  ntilisation  of  this  propertj'  is  seen 
in  the  "lime-light,"  used  at  theatres  and  for  the  projection  ot  pictures 
upon  a  screen.  In  this  case  a  jet  of  mixed  oxygen  and  hydrogen,  or 
more  commonly  of  oxygen  blown  through  a  flame  of  coal  gas,  is 
directed  upon  the  side  of  a  cylinder  of  compressed  lime.  The  latter 
becoming  heated  to  a  high  temperature  emits  a  dazzling  M'hite  light. 
The  brilliant  light  emitted  by  burning  mngnesium  is  also  chiefly 
due  to  the  incandescence  of  the  solid  particles  of  magnesia  resulting 
from  the  oxidation  of  the  metal. 

It  is  possible,  however,  as  pointed  out  by  Dr  Frankland,  to  pro- 
duce very  bright  flames  in  Avhich  no  solid  particles  are  present. 
Metallic  arsenic  burnt  in  a  stream  of  oxygen  produces  an  intense 
w^te  flame,  although  both  the  metal  itself  and  the  product  of  its 
combustion  (ai'senious  oxide)  are  gaseous  at  the  temperature  of  the 
flame.  The  combustion  of  a  mixture  of  nitric  oxide  and  carbon 
bisuli^hide  also  produces  a  dazzling  white  flame,  witliont  any  separa- 
tion of  solid  matter. 

Tiie  conditioni  mo.st  essential  to  luminosity  in  a  flame  are  a  high 
temperature,  and  the  presence  of  gases  or  vaponrs  of  considerable 
density.  The  eftect  of  higli  temperature  is  seen  in  the  gi-eater 
brightness  of  the  flame  of  sulphur,  pho.sphorus,  and  indeed  all  sub- 
stances, when  burnt  in  pnre  oxygen,  as  compared  witli  that  which 
results  from  tlieir  combustion  in  common  air  ;  in  the  former  case 
the  whole  of  the  substances  present  take  part  in  the  combustion, 
and  generate  heat,  whereas  in  the  latter  the  temperature  is  lowered 
by  the  presence  of  a  large  quantity  of  nitrogen,  which  contributes 
nothing  to  tlie  eft'ect.  Tiie  relation  between  the  luminosity  of  a 
flame  and  the  vapour-densities  of  its  constituents  may  be  seen  from 
the  following  table,  in  which  the  vapour-densities  are  referred  to  that 
of  hydrogen  as  unity. 


Felative  Densities  of  Gases  and  Vapours. 


Hydrogen,  . 
Water, 

Hydrogen  clduriili.' 
Carbon  dioxide,  . 
Sulphur  dioxides,  , 


1 

n 

18i 

22 

32 


Arsenious  chloride, 
Pliosphoric  oxide, 
jMetallio  arsenic,  . 
Arsenious  oxide,  . 


901 
142 
150 
198 


A  comparison  of  tlicse  nuudjers  shows  that  the  brightest  flames 
are  those  which  contain  the  densest  vapours.  Hydrogen  burning  in 
chlorine  produces  a  vapour  more  than  twice  as  heavj'^  as  that  result- 
ing from  its  comluistion  in  oxygen,  and  accm-dingly  the  light  pro- 
duced in  tlie  former  case  is  stronger  than  in  the  latter  ;  carbon  and 
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sulphur  burning  in  oxygen  produce  vapours  of  still  greater  density, 
namely,  carbon  dioxide  and  sulphur  dioxide,  and  their  combustion 
gives  a  still  brighter  light ;  lastly,  phosphorus,  which  has  a  very 
dense  vapour,  and  likewise  yields  a  product  of  great  vapour-density, 
burns  in  oxygen  with  a  brilliancy  which  the  eye  can  scarcely  endure. 
Moreover,  the  luminosity  of  a  flame  is  increased  by  condensing  the 
surrounding  gaseous  atmosphere,  and  diminished  by  rarefying  it. 
The  flame  of  arsenic  burning  in  oxygen  may  be  rendered  quite  feeble 
by  rarefying  the  oxygen  ;  and,  on  the  contrary,  the  faint  flame  of  an 
ordinary  spirit-lamp  becomes  very  bright  when  placed  under  the 
receiver  of  a  conden sing-pump.  Frankland  had  also  found  that 
candles  give  much  less  light  when  burning  on  the  top  of  Mont  Blanc 
than  in  the  valley  below,  although  the  rate  of  combustion  in  the  two 
cases  is  nearly  the  same.  The  efl'ect  of  condensation  in  increasing 
the  brightness  of  a  flame  is  also  strikingly  seen  in  the  combustion  of 
a  mixture  of  oxygen  and  hydrogen,  which  gives  but  a  feeble  light 
when  burnt  under  the  ordinary  atmospheric  pressure,  as  in  the  oxy- 
hydrogen  blow-pipe,  but  a  very  bright  flash  when  exploded  in  the 
Cavendish  eudiometer  (fig.  38),  in  which  the  water-vapour  produced 
by  the  combustion  is  prevented  from  expanding. 

TemiKratures  of  Ignition. — The  Safety  Lamp. — The  hindling-point , 
or  temperature  at  which  combustion  commences,  is  very  dift'erent 
with  different  substances  ;  phosphorus  will  sometimes  take  fire  in  the 
hand  ;  suljihur  requires  a  temperature  exceeding  that  of  boiling 
water  ;  charcoal  must  be  heated  to  redness.  Among  gaseous  bodies 
similar  dift'erences  are  observed  ;  hydrogen  is  inflamed  by  a  red-hot 
wire  ;  light  carburetted  hydrogen  requires  a  white  heat  to  kindle  it. 
When  flame  is  cooled  by  any  means  below  the  temperature  at  which 
the  rapid  oxidation  of  the  combustible  gas  occurs,  it  is  at  once  ex- 
tinguished. Upon  this  depends  the  principle  of  Sir  Humphrey 
Davy's  Safety-Lamp. 

Light  carburetted  hydrogen,  or  marsh-gas,  is  frequently  disen- 
gaged in  large  quantities  in  coal  mines,  and  forms  the  chief  ingredient 
in  the  gas  known  as  fire-damp.  This  gas,  mixed  with  seven 
or  eight  times  its  volume  of  atmospheric  air,  becomes  highly  explo- 
sive, taking  fire  at  a  light  and  burning  with  a  pale-blue  flame  ;  and 
many  fearful  accidents  have  occurred  from  the  ignition  of  large 
quantities  of  mixed  gas  and  air  occupying  the  extensive  galleries  and 
workings  of  a  mine.  Davy  undertook  an  investigation  with  a  view  to 
discover  some  remedy  for  this  constantly  occurring  calamity ;  and  his 
labours  resulted  in  some  exceedingly  important  discoveries  respecting 
flame,  which  led  to  the  construction  of  the  lamp  which  bears  his  name. 

When  two  vessels  filled  with  a  gaseous  explosive  mixture  are  con- 
nected by  a  narrow  tube,  and  the  contents  of  one  are  fired  by  the 
electric  spark,  or  otherwise,  the  flame  is  not  communicated  to  the 
other,  provided  the  diameter  of  the  tube,  its  length,  and  the  con- 
ducting power  for  heat  of  its  material,  bear  a  certain  ])roportion  to 
each  other  ;  the  flame  is  extinguished  by  cooling,  and  its  transmis- 
sion rendered  impossible. 
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Ill  this  experiment,  high  conducting  power  and  diminished  dia- 
meter compensate  for  diminntion  in  length ;  and  to  such  an  extent 
can  this  be  carried,  that  metallic  gauze,  which  may  be  looked  upon 
as  a  series  of  very  short  square  tubes  arranged  side  by  side,  when  of 
sufficient  degree  of  fineness,  arrests  in  the  most  complete  manner  the 
passage  of  flame  in  exj^losive  mixtures. 

The  miner's  safety-lamp  is  merely  an  ordinary  oil-lamp,  the  flame 
of  which  is  enclosed  in  a  cage  of  wire  gauze,  made  double  at  the 
upper  "part,  and  containing  about  400  apertures  to  the  square  inch. 
The  tube  for  supplying  oil  to  the  reservoir  reaches  nearly  to  the  bot- 
tom of  the  latter,  while  the  wick  admits  of  being  trimmed  by  a  bent 
wire  passing  with  friction  through  a  small  tube  in  tlie  body  of  the 
lamp  ;  the  flame  can  thus  be  kept  burning  for  any  length  of  time, 
without  the  necessity  of  unscrewing  the  cage. 

In  modern  safety-lamps  (fig.  33)  the  flame  is  usually  surrounded 
by  a  glass  cylinder,  whicli  permits  the  passage  of  a  larger  amount  of 
light,  and  protects  the  flame  from  the  effects 
of  strong  currents  of  air  by  which  it  might  be 
carried  through  the  gauze.  Tlie  upper  part  is 
constructed  of  wire  gauze,  as  in  Davy's  lamp, 
and  usually  enclosed  in  sheet  metal.  When 
this  lamp  is  taken  into  an  explosive  atmos- 
phere, although  the  fire-damp  may  biirn  within 
the  cage  with  such  energy  as  to  heat  the 
metallic  tissue  to  dull  redness,  the  flame  is  not 
communicated  to  the  mixture  on  the  outside. 

These  effects  may  be  studied  bj^  suspending 
tlie  lamp  in  a  large  glass  jar,  and  gradually 
admitting  coal-gas  below.  Tlie  oil-flame  is  at 
first  elongated,  and  then,  as  the  proportion  of 
gas  increases,  extinguished,  while  the  interior 
of  the  gauze  cylinder  becomes  filled  with  the 
burning  mixture  of  gas  and  air.  As  the  atmos- 
phere  becomes  pure,  the  wick  is  once  more 
relighted.  When  small  proportions  of  inflam- 
]nable  gas  are  ^^resent  a  pale  blue  "  cap " 
ajjpears  over  the  flame  of  the  lamp,  and  by 
its  height  and  appearance  the  miner  is  able 
to  measure  roughly  the  amount  of  gas  in  the 
atmosphere  of  a  pit. 
A  safety  lamp  has  been  devised  by  Professor  Clowes,  expressly 
for  the  purpose  of  testing  the  air  of  coal  mines  or  other  i:)laces  where 
inflammable  gas  may  accumulate.  This  is  a  lamp  of  modern  form, 
supplied  with  the  means  of  obtaining  a  small  h}-di'Ogen  flame  in  place 
of  the  ordinary  luminous  flame.  The  lamp  is  shown  in  fig.  34,  from 
which  it  will  Ije  seen  that  a  small  steel  cylinder  which  contains  com- 
pressed hydrogen  gas  is  attached  to  the  lamp.  When  a  test  is  to  be 
made  the  luminous  flame  would  be  gradually  reduced  in  size  by 
drawing  down  the  wick,  when,  if  a  distinct  cap  is  observed,  the 
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amount  of  gas  will  be  between  3  and  6  per  cent.  If  no  cap  is  seen 
over  the  oil-flame,  the  hydrogen  is  turned  on  and  a  small  hydrogen 
flame  of  the  standard  height  of  10  mm.  is  lighted  and  a  cap  is  looked 
for  over  the  flame.  As  little  as  0'25  per  cent,  of  fire-damp  can  Ije 
thus  detected. 

Slow  (Jomhwdion. — Phosphorus  exposed  to  the  air  at  common  tem- 
peratures in  a  dark  room  exhibits  light  and  gives  olf  fumes  which 
are  also  luminous.  This  luminosity  is  apparently  due  to  the  slow 
combustion  of  the  phosphorus,  attended  by  the  production  of  a  mix- 
ture of  its  oxides.  If  common  ether  is  sprinkled  upon  a  hot  iron 
plate  in  a  dark  room,  the  vapour  which  rises  undergoes  partial  oxida- 
tion, at  the  same  time  producing  luminous  clouds,  but  no  flame  of 
the  ordinary  kind.  Oxygen  and  hydrogen  may  be  kej)t  mixed  at 
common  temperatures  for  any  length  of  time  without  combination 
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taking  place,  but,  under  particular  circumstances,  they  unite  quietly 
and  without  explosion.  Many  years  ago,  Uobereiner  discovered 
that  finely  divifled  platinum  possesses  the  power  of  determining 
the  union  of  the  gases  ;  and,  subsequently,  Faraday  showed  that 
the  state  of  minute  division  is  by  no  means  indispensable,  since 
rolled  plates  of  the  metal  have  the  same  jjroperty,  provided  their 
surfaces  are  absolutely  clean.  Neither  is  the  eft'ect  strictly  confined 
to  platinum  ;  other  metals,  as  palladium  and  gold,  and  even  stones 
and  glass,  exhibit  the  same  property,  although  in  a  far  lower 
degree,  since  they  often  require  to  be  aided  by  a  litlle  beat.  When 
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a  piece  of  platinum  foil,  which  has  been  cleaned  by  hot  oil  of 
vitriol  and  tliorougli  washing  with  distilled  water,  is  thrust  into  a 
jar  containing  a  mixture  of  oxygen  and  hydrogen  standing  over 
Avater,  combination  of  the  two  gases  immediately  begins,  and  the 
level  of  the  water  rapidly  rises,  wliilst  the  platinum  becomes  so  hot 
that  drops  of  water  accidentally  falling  upon  it  enter  into  ebulli- 
tion. If  the  metal  be  very  thin  and  quite  clean,  and  the  gases  pure, 
its  temperature  rises  after  a  time  to  actual  redness,  and  the  residue 
of  the  mixture  explodes.  But  this  is  an  effect  altogether  accidental, 
and  dependent  upon  the  high  temperature  of  the  jDlatinum,  which 
high  temperature  has  been  produced  by  the  j^receding  quiet  com- 
bination of  the  two  bodies.  When  the  platinum  is  reduced  to  a 
state  of  minute  division,  and  its  surface  thereby  much  extended,  it 
becomes  immediately  red-hot  in  a  mixture  of  hydrogen  and  oxygen, 
or  hydrogen  and  air  ;  a  jet  of  hydrogen  thrown  upon  a  little  of  the 
spongy  metal,  contained  in  a  glass  or  capsule,  is  at  once  kindled,  and 
on  this  principle  machines  for  the  production  of  instantaneous  light 
have  been  constructed.  These,  however,  act  well  only  when  con- 
stantly used  ;  the  spongy  platinum  is  apt  to  become  damp  by  absorj)- 
tion  of  moisture  from  the  air,  and  its  j^ower  is  then  for  the  time  lost. 

The  best  explanation  that  can  be  given  of  these  curious  effects  is 
to  suppose  that  solid  bodies  in  general  have,  to  a  greater  or  less  ex- 
tent, the  property  of  condensing  gases  upon  their  surfaces  (as  shown 
p.  33),  and  that  this  faculty  is  exhibited  pre-eminently  by  certain  of 
the  non-oxidisable  metals,  as  j^latinum  and  gold.  Oxygen  and 
hydrogen  may  thus,  under  these  circumstances,  be  brought,  as  it 
were,  within  the  sphere  of  their  mutual  attractions  by  a  temporary  in- 
crease of  density,  whereupon  combination  ensues.  Coal-gas  and  ether 
or  alcohol  vapour  may  also  be  made  to  exhibit  the  phenomenon  of 
quiet  oxidation  under  the  influence  of  this  remarkable  surface-action. 

Experiments. — 1.  A  close  spiral  of  slender  platinum  wire,  a  roll  of 
thin  foil,  or  even  a  common  platinum  crucible,  heated  to  dull  red- 
ness, and  then  held  in  a  jet  of  coal-gas,  becomes 
strongly  ignited,  and  remains  in  that  state  as  long 
as  the  supply  of  mixed  gas  and  air  is  kept  up, 
the  temperature  being  maintained  by  the  heat  dis- 
engaged in  the  act  of  union.  Sometimes  the  metal 
becomes  white-hot,  and  then  the  gas  takes  fire. 

2.  If  such  a  coil  of  wire  be  attaclied  to  a  card, 
and  suspended  in  a  glass  cont<aining  a  few  drops 
of  ether,  having  previously  been  made  red-hot  in 
the  flame  of  a  spirit-lamp,  it  will  continue  to 
glow  until  the  oxygen  of  the  air  is  exhausted, 
giving  rise  to  the  production  of  an  irritating 
vapour  which  attacks  the  eyes.  The  combustion 
of  the  ether  is  in  this  case  but  partial ;  a  portion 
of  its  hydrogen  is  alone  removed,  and  the  whole  of  the  carbon  left 
untouched.  A  similar  effect  may  be  observed  by  suspending  a  coil  of 
thin  platinum  wire  over  the  wick  of  a  spirit-lamp. 
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Oxides  of  Hydrogen. 

There  are  two  oxides  of  hydrogen — namely,  the  monoxide, 
which  is  water,  and  the  dioxide,  discovered  in  the  year  1818  by 
Thenard. 

Water. — It  appears  that  the  composition  of  water  was  first  demon- 
strated in  the  year  1781  by  Cavendish  ;  but  the  discovery  of  the  exact 
proportions  in  which  oxygen  and  hydrogen  unite  in  generating  that 
most  important  compound  has,  from  time  to  time  to  the  present  day, 
occupied  the  attention  of  some  of  the  most  distinguished  cultivators 
of  chemical  science.  There  are  two  distinct  methods  of  research  in 
chemistry — the  analytical,  or  that  in  which  the  compound  is  resolved 
into  its  elements,  and  the  synthetical,  in  which  the  elements  are  made 
to  unite  and  produce  the  compound.  The  first  method  is  of  much 
more  general  ai^plication  than  the  second ;  but 
in  this  particular  instance  both  may  be  em- 
ployed, although  the  results  of  the  synthesis  are 
the  more  valuable. 

When  a  current  of  electricity  is  passed 
through  water  mixed  with  a  small  quantity  of 
any  mineral  acid,  oxygen  gas  is  evolved  from 
the  pole  or  plate  connected  with  the  copper, 
platinum,  or  carbon  of  the  battery,  and  hydro- 
gen gas  is  disengaged  from  the  pole  connected 
with  the  zinc  of  the  battery,  no  visible  change 
occurs  in  the  intermediate  liquid.  The  gases 
can  be  collected  and  measured.  A  convenient 
form  of  aj^paratus  is  shown  figure  36,  in  which 
the  wires  are  supposed  to  connect  the  platinum 
plates  within  the  tubes  with  a  battery  of  any 
convenient  form. 

When  this  exijeriment  has  been  continued 
for  a  sufiicient  time,  it  will  be  found  that  the 
volume  of  the  hydrogen  is  twice  that  of  the 
oxygen.  If  the  gases  are  collected  at  the  begin- 
ning of  the  experiment,  the  proportion  of  oxygen 
is  slightly  less  than  half  the  measure  of  the 
hydrogen,  partly  owing  to  the  greater  solubility 
of  oxygen  in  water,  partly  owing  to  the  pro- 
duction of  a  little  hydrogen  peroxide. 

Water  is  likewise  decomposed  into  its  con- 
stituents by  heat.  This  effect  may  be  produced  by  passing  sparks 
from  an  induction  coil  F  through  steam  evolved  from  water  kept 
boiling  in  a  flask  A  fitted  with  a  tube  for  conveying  the  gases  into  a 
tube  H,  as  shown  in  fig.  37.  The  two  gases  are  obtained  in  very 
small  ([uantities  at  a  time. 

When  oxygen  and  hydrogen,  both  as  pure  as  possible,  are  mixed 
in  the  proportions  mentioned,  passed  into  a  strong  glass  tube  stand- 
ing over  mercury,  and  exploded  by  the  electric  spark,  all  the  mixture 
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disappears,  and  the  iiieicury  is  forced  up  into  the  tube,  filling  it  com- 
pletely *  The  same  experiment  may  be  made  with  the  explosion 
vessel  usually  called  Cavendish's  eudiometer  (fig.  38).  The  instru- 
ment is  exhausted  at  the  air-pump,  and  then  filled  from  a  capped  jar 
with  the  mixed  gases ;  on  passing  an  electric  spark  by  the  wires 
shown  at  a,  explosion  ensues,  and  the  glfiss  becomes  bedewed  with 
moisture  ;  and  if  the  stop-cock  be  then  opened  under  water,  the 
latter  will  rush  in  and  fill  the  vessel,  leaving  merely  a  bubble  of  air, 
the  result  of  imperfect  exhaustion. 

But  the  process  upon  which  most  reliance  is  placed  for  demon- 
strating the  composition  of  water,  is  that  in  which  pure  copper  oxide 
is  reduced  at  a  red  heat  by  hydrogen,  and  the  water  so  formed  is 
collected  and  weighed.  This  oxide  suffers  no  change  by  heat  alone, 
but  contact  with  hydrogen,  or  any  common  combustible  matter,  at  a 
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high  temperature,  sufiices  to  reduce  a  corresponding  portion  to  the 
metallic  state. 

By  the  use  of  this  method  the  proportions  of  oxygen  and  hydrogen 
contained  in  water  were  first  determined  with  an  approach  to  accu- 
racy by  Dumas  in  1842.  The  principle  is  simple  enough  in  itself, 
but  its  application  is  attended  by  many  difficulties.  The  hydrogen 
must  be  not  only  pure  but  perfectly  dry ;  the  apparatus  must  be 
entirely  free  from  air,  a  point  of  great  importance,  but  very  diflScult 
to  secure,  inasmuch  as  air  and  other  gases  adhere  strongly  to  the 
surface  of  all  solids,  glass  included.  The  apparatus  employed  by 
Dumas  is  represented 'in  figure  39.  The  hydrogen  generated  from 
zinc  and  sulphuric  acid  in  F  passes  through  a  solution  of  lead  nitrate 
to  arrest  sulphuretted  hydrogen  ;  through  silver  sulphate  to  remove 
arsenetted  hydrogen  ;  and  through  caustic  potash  to  absorb  traces  of 
acid.  Lastly,  it  must  be  dried  by  passage  through  several  tubes  filled 
with  glass  steeped  in  strong  sulphuric  acid  and  with  phosphoric 
anhydride.    The  oxide  of  copper  is  contained  in  a  globe  with  two 

*  Recent  very  careful  detenninatioiis  make  the  combining  proportions  of 
hydrogen  and  oxygen  as  2-00285  to  1  by  volume  at  0°.  A.  Scott,  Phil.  Trans., 
1893. 
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necks  B,  and  provided  with  two  stop-cocks.  Alter  being  strongly- 
heated  in  a  current  of  air  with  the  object  of  removing  every  trace  of 
moisture,  the  globe  is  allo\ved  to  cool,  the  air  is  removed  by  the  air- 
pump,  and  after  closing  the  taps,  the  globe  with  the  copper  oxide  in 
it  is  weighed.  The  bulb  in  which  the  water,  B',  is  to  be  collected  is 
connected  with  several  tubes  containing  sulphuric  acid  and  phos- 
phoric oxide,  so  that  every  trace  of  water  vapour  that  might  be 
carried  away  shall  be  arrested.  The  whole  of  this  part 
of  the  ajDparatus  is  weighed.  The  several  parts  of  the 
apparatus  are  united  together  by  air-tight  joints,  and  a 
current  of  hydrogen  is  caused  to  traverse  the  entire 
apparatus  during  several  hours  before  heat  is  applied 
to  the  oxide  of  copper.  When  the  air  has  been  com- 
pletely expelled  the  oxide  of  copper  is  heated  to  red- 
ness by  the  lamp,  and  when  the  greater  part  has  been 
reduced  to  metallic  copper,  the  globe  is  allowed  to  cool, 
exhausted  again,  and  weighed.  Its  loss  of  weight 
represents  the  oxygen  which  has  been  removed.  The 
difference  between  the  weight  of  the  water  found  and 
that  of  the  oxygen  is,  of  course,  the  weight  of  the 
hydi'ogen.  The  results  of  many  experiments  made  in 
this  manner  led  to  the  conclusion  that  the  ratio  of 
the  oxygen  to  the  hydrogen  in  water  is  not  exactly  8  to 
1  or  16  to  2,  but  is  more  correctly  expressed  as  15'96 
to  2.  The  composition  of  water  inferred  more  recently 
from  the  determinations  of  the  relative  densities  of 
oxygen  and  hydrogen,  made  by  Lord  Rayleigh,  and 
the  proportions  by  volume  in  which  they  combine 
according  to  Mr  Scott  (loc.  ext.),  lead  to  a  still  lower 
value  for  the  atomic  weight  of  oxygen,  viz.,  15'8  ap- 
proximately. 

The  relative  density  of  steam  or  vapour  of  water  is 
found  by  experiment  to  be  0-624,  compared  with  air 
at  the  same  temperature  and  pressure,  or  9  as  com- 
pared with  hydrogen.  Now,  it  has  been  already  shown 
that  water  is  composed  of  two  volumes  of  hydrogen 
and  one  volume  of  oxygen  ;  and  if  the  weight  of  one 
volume  of  hydrogen  be  taken  as  unity,  that  of  two 
volumes  hydrogen  (  =  2)  and  one  volume  oxygen  (  =  16) 
will  together  make  18,  which  is  the  weight  of  two 
volumes  of  water-vapour.  Consequently  water  in  the 
state  of  valour  consists  of  two  volumes  of  hydrogen  and  one  voltime  of 
oxijcjen  condensed  into  two  volumes.  The  best  method  of  demonstrating 
this  important  fact  by  direct  experiment  was  devised  by  Hofmann. 
It  consists  in  exploding  a  mixture  of  two  volumes  of  hydrogen  and  one 
volume  of  oxygi-n  by  the  electric  sparlc  in  a  eudiometer  tube,  which 
is  kept  at  or  a  little  above  the  trniperalure  of  boiling  water,  so  that 
the  water  produced  by  the  combination  of  the  gases  remains  in  the 
state  of  vapour  instead  of  at  once  condensing  to  the  li(iuid  form.  It 
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is  then  seen  that  the  three  volumes  of  mixed  gas  are  reduced  after 
the  explosion  to  two  volumes. 
■   The  experiment  is  conducted  in  tlie 
U-shaped  eudiometer  represented  in 


the  tap  at  the  side, 
same  level  on  both 


following  manner.  The 
40  has  two  wires  sealed 
into  its  upi:)er  end,  by 
which  a  spark  can  be 
passed  through  the 
gaseous  mixture.  The 
tube  having  been  first 
filled  with  mercury,  a 
quantity  of  hydrogen 
sufficient  to  occupy  about 
one-third  of  the  closed 
limb  is  introduced,  and 
is  followed  by  a  volume 
of  oxygen  exactly  half  as 
great.  It  is  more  con- 
venient to  prepare  a  mix- 
ture of  the  gases  in  the 
right  proportions  in  a 
separate  jar,  fitted  with 
a  taji  at  the  top,  from 
which  it  can  be  trans- 
ferred to  the  eudiometer ; 
and,  still  better,  to  obtain 
the  mixture  by  the  elec- 
trolysis of  water.  The 
gases  having  been  intro- 
duced, and  the  tube 
erected  upon  a  firm  stand, 
a  wider  glass  tube,  pro- 
vided with  corks  at  the 
tojj  and  bottom,  is  passed 
over  the  eudiometer,  and 
by  .  means  of  suitable 
tubes  a  current  of  steam 
from  a  small  boiler  is 
passed  through  this  outer 
envelope,  so  as  to  heat 
the  tube  containing  the 
gases  to  the  temperature 
of  boiling  water.  As  the 
gas  exjiands  mercury 
may  be  drawn  oft'  from 
may  ultimately  stand  at  the 


so  that  the  metal 

sides.  When  equilibrium  has  been  esUiblished, 
and  the  gas  expands  no  further,  the  open  end  of  the  tube  is  closed 
firmly  by  a  cork,  and  a  spark  ])assed  betwecyi  the  wires.  No  sound 
is  heard,  but  a  llasli  is  seen,  and  on  removing  the  cork  and  pouring 
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in  mercury  to  restore  the  level,  it  will  be  seen  that  the  steam  pro- 
duced occupies  just  two-thirds  of  the  space  filled  by  the  mixture  of 
oxygen  and  hydrogen  from  which  it  was  formed.  It  may  therefore 
be  stated  that  steam  contains  a  quantity  of  hydrogen  equal  in  volume 
to  itself,  and  half  its  volume  of  oxygen. 

Properties  of  Water. — Pure  water  is  colourless  and  transparent, 
destitute  of  taste  and  odour,  and  an  exceedingly  bad  conductor  of 
electricity.  It  attains  its  greatest  density  towards  4-5°  C.  (40°  F.), 
freezes  at  U°  C.  (32°  F.),  and  boils  under  the  ordinary  atmospheric 
pressure  at  or  near  100°  C.  (212°  F.).  It  evaporates  at  all  tempera- 
tures. The  density  of  ice  is  0-9175  ;  water,  therefore,  on  freezing, 
expands  by  ^th  of  its  volume. 

The  weight  of  a  cubic  centimetre  of  water  at  the  maximum  density 
is  chosen  as  the  unit  of  weight  of  the  metrical  system,  and  called  a  gram; 

Fig.  40. 


consequently  a  litre  or  cubic  decimetre  =  1000  cubic  centimetres  of 
water  at  the  same  temperature,  weighs  1000  grams,  or  1  kilogram. 

A  cubic  inch  of  water  at  62°  F.  weighs  252*45  grains  ;  a  cubic  foot 
weighs  nearly  1000  ounces  avoirdupois  ;  and  an  imperial  gallon 
weighs  70,000  grains,  or  10  lbs.  avoirdupois. 

Water  is  825  times  heavier  than  air.  To  all  ordinary  observation 
it  is  incompressible  ;  but  it  does  yield  to  a  small  extent  when  the 
power  employed  is  very  great,  the  diminution  of  volume  for  each 
atniospliere  of  pressure  being  about  51-millionths  of  the  whole. 

Clear  water,  though  colourless  in  small  bulk,  is  blue  like  the 
atmosphere  when  viewed  in  mass.  This  is  seen  in  the  deep  ultra- 
marine tint  of  the  ocean,  and  perhaps  in  a  still  more  beautiful 
manner  in  the  lakes  of  Switzerland  and  other  Alpine  countries,  and 
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ill  the  rivers  which  issue  from  them,  the  slightest  admixture  of  mud 
or  suspended  impurity  destroying  the  effect.  The  same  magnificent 
colour  is  visible  in  the  fissiu'es  and  caverns  found  in  the  ice  of  the 
glaciers,  which  is  usually  extremely  pure  and  transparent  within, 
although  foul  upon  the  surface. 

Water  never  occurs  in  nature  in  a  state  of  purity  :  even  the  rain 
which  falls  in  the  open  country  brings  down  with  it  small  quantities 
of  the  gases  of  the  atmosphere,  beside  small  quantities  of  ammonium 
nitrate  and  the  alkaline  salts  which,  in  fine  jjarticles,  are  carried  by 
the  wind  from  the  sea  to  be  dispersed  widely  over  the  land.  Water 
has  such  extensive  solvent  powers  that  it  no  sooner  falls  upon  the 
ground  than  it  dissolves,  more  or  less  freely,  the  components  of  the  soil, 
partly  in  virtue  of  their  solubility  in  water,  partly  by  the  assistance  of 
the  carbonic  acid  dissolved  out  of  the  air.  Hence  the  water  of  rivers, 
springs,  and  of  the  sea  are  contaminated  to  a  greater  or  less  extent 
by  soluble  matters  partly  earthy  or  saline,  partly  of  organic  origin. 

The  f  ollowing  tables  will  convey  some  idea  of  the  nature  of  the 
impurities  thus  introduced,  and  the  extent  to  which  they  may  be 
present  in  natural  waters  of  difl"erent  kinds. 

Composition  of  Rain  Water. 


Seventy-one  Samples  collected  at  Rothamstead,  1869-1872. 


Parts  per  100,000. 

Total 
Solids. 

Organic 
Carbon. 

Organic 
Nitrogen. 

Ammonia. 

Nitrogen 
as  Nitrate 

and 
Niti-ite. 

Chlorine 
as 

Chloride. 

Minimum, 

0-62 

•021 

•003 

■005 

0 

0 

Maximum,  . 

8-58 

•372 

•121 

•l.')5 

•044 

1-65 

Average, 

3-42 

•095 

•021 

•049 

•007 

0-33 

Collected  near  Hyde  Park,  November  8, 

1873. 

276 

•383 

•040 

•210 

•008 

•5 

One  impurity  constantly  present  in  the  rain  water  falling  in  towns  is 
derived  from  the  sulphur  occurring  i n  coal.  When  burnt  a  large  part  of 
this  finds  its  way  into  the  air  in  the  form  of  sulphurous  and  sulphuric 
acids,  from  2  to  7  or  8  parts  of  the  latter  acid  in  100,000  of  water  having 
been  found  in  tlie  rain  of  dilTerent  towns  in  the  United  Kingdom. 

Water  used  for  drinking  is  supplied  from  a  variety  of  sources, 
from  lakes  and  rivers,  from  wells  deriving  their  water  from  the 
superficial  layers  of  soil  (shallow  wells),  and  from  wells  several 
hundred  feet  in  depth  (deep  wells)  which  are  charged  with  water 
which  has  undergone  more  or  less  complete  purification  by  filtration 
through  a  considerable  thickness  of  porous  earth.    As  these  sources 
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of  water  supply  are  necessarily  situated  in  localities  in  which  the 
geological  strata  are  very  diverse  in  character  and  in  chemical  com- 
position, it  is  difficult  to  present,  in  the  space  at  our  disposal,  a 
sufficient  statement  of  the  composition  of  these  waters. 

The  student  must  understand,  therefore,  that  in  the  following 
table  a  selection  is  given  of  only  a  few  cases  which  may  be  regarded 


Composition  of  Drinking  Waters. 
Upland  Surface  Waters. 


Parts  per  100,000. 

Total 
Solids. 

Organic 
Carbon. 

Organic 
Nitrogen. 

Ammon. 

Nitrogen 

as 
Nitrates 

and 
Nitrites. 

Chlorine 
as 

Chloride. 

Tliirlmere  Lake, 

2-66 

•194 

•004 

•003 

-002 

•52 

(Manchester  water). 

Loch  Katrine, 

2-80 

•149 

•025 

•000 

-004 

•72 

(Glasgow  water). 

Sheffield  Water, 

8-36 

-356 

•057 

•001 

•032 

•85 

Chester  Water, 

16-84 

•219 

-043 

•000 

•000 

2-00 

Gloucester  Water,  . 

24-82 

•375 

-042 

•000 

•026 

1-52 

Dee])  yycUs* 

Waters  f  rom  Deep  Wells  and  Springs, 

Nottingham,  . 

•26-04 

•027 

-007 

•002 

•817 

1-50 

(New   Red  Sand- 

stone). 

Northampton,  . 

57-76 

•168 

-024 

-003 

•000 

5-15 

(Lias). 

Eastbourne 

43  ^12 

-058 

-010 

-004 

•130 

10-00 

(Green  sand). 

Brighton, 

30-24 

-048 

-009 

-000 

•644 

3-10 

(Chalk). 

London,  . 

38-80 

-009 

-016 

-000 

•329 

2-30 

(Kent  Co.  Clialk). 

Braiiitree, 

106-70 

-068 

•033 

-094 

•000 

38-80 

(Chalk  below  London 

clay). 

Springs. 

Plymoutli, 

3-50 

•or.o 

-019 

-000 

•000 

1-30 

(Granite  and  Gneibs). 

Cheltenham,  . 

21-22 

■123 

-036 

-000 

•305 

1-35 

(New    Red  Sand- 

stone). 

as  representative,  and  that  great  variations  of  composition  are  ob- 
served.    The  suitability  of  water  for  drinking  cannot  always  be 
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safely  inl'erred  from  the  results  of  its  chemical  analysis.  All  the 
circumstances  of  its  origin  will  have  to  be  carefully  considered,  and 
especially  the  possibility  of  contamination  by  sewage  or  othei-  oi'ganic 
filth. 

As  to  the  inorganic  constituents  commonly  to  be  found  in  natural 
water,  it  is  obvious  that  they  will  vary  in  composition  as  well  as  in 
amount,  as  shown  by  the  foregoing  tables,  according  to  the  nature  of 
the  earthy  materials  tlirough  which  the  water  has  percolated.  In 
some  cases  the  saline  matters  accumulate  to  such  an  extent  as  to 
give  the  water  a  perceptible  taste,  and  confer  upon  it  medicinal 
]jroperties.  One  example  of  this  kind  is  afforded  by  the  well-known 
Cheltenham  mineral  water,  which  has  been  recently  analysed  bv 
Professor  T.  E.  Thorpe  (Trans.  Ghem.  Soc,  1894).  The  results  for 
one  of  the  wells  may  be  quoted. 


Pitville  Well,  No.  3. 
Saline  Constituents.  Parts  per  1000.      Grains  per  Gallon. 

Sodium  chloride,       .  .  6-6164  466-470 

Sodium  bromide,       .  .  0-0055  0-388 

Sodium  iodide,  .       .  .  0-0014  0-099 

Sodium  sulphate,      .  .  1-6326  115-095 

Sodium  silicate,         .  .  0-0420  2-961 

Sodium  bicarbonate,  .  .  0-5527  38-967 

Potassium  sulphate,   .  .  0-0641  4-520 

Lithium  chloride,      .  .  Traces  Traces 

Calcium  carbonate,     .  .  0-0650  4-583 

Calcium  phosphate,    .  .  Traces  Traces 

Magnesium  carbonate,  .  0-1544  10-886 

Manganous  carbonate,  .  Traces  Traces 

Ferrous  carbonate,     .  .  0-0008  0-056 

Aluminium  phosphate,  .  Traces  Traces 

Ammonium  bicarbonate,  .  0-0011  0  078 

Organic  matter,         .  .  Traces  Traces 


9-1360  644-103 

Free  CO.,  at  15-5°  (60°  F) 

and  760  mm.  (30  in.)  =  126-785  cc.         35-31  cub.  in. 


Sea  water,  which  is  made  up  of  the  drainage  from  the  land  in  the 
form  of  rivers  concentrated  by  evaporation,  is  necessarily  rich  in 
salts.  Common  salt  is  still  obtained  in  some  countries  bj-  evapora- 
tion of  sea  water. 

Tlie  following  results  of  the  analysis  of  the  water  of  the  Iri.-^h 
Channel  by  Thorpe  and  Morton  (1870)  will  give  a  sufficiently  good 
idea  of  the  composition  of  sea  water.  But  even  in  the  case  of  sea 
water,  the  composition  M'ill  vary  within  somewhat  wide  limits  in 
seas  which,  like  the  Baltic  and  Mediterranean,  are  more  or  less 
surrounded  by  land,  for  tlie  proportion  of  salt  will  depend  upon  the 
amount  of  fresh  water  poured  into  the  basin  by  rivers.    It  may  be 


chp:i[ICal  relations  op  water. 


stated  that  water  of  the  open  sea  contains,  practically,  a  quarter  of  a 
pound  of  common  salt  in  a  gallon. 

Results  of  Analysis  =  parts  per  1000. 


Sodium  chloride,   26-439 

Potassium  chloride,     .       .  .  0-746 

Magnesium  chloride,   3150 

Magnesium  bromide,    .....  0-070 

Magnesium  sulphate,   2-066 

Magnesium  carbonate,   Trace 

Magnesium  nitrate,   0-002 

Calcium  sulphate,        .       .       .       .       .  1-331 

Calcium  carbonate,      .....  0-047 

Lithium  chloride,   Trace 

Ammonium  chloride,   0-0004 

Ferrous  carbonate,       .....  0-005 

Silica,   Trace 


Total,   33-859 


Eeference  has  been  made  to  the  gases  dissolved  by  water  exposed 
to  contact  with  air,  as,  for  example,  by  rain  water  falling  through 
the  atmosphere.  Such  a  solution  is  never  fully  .saturated,  and  the 
rpiantity  of  carbon  dioxide  taken  up  depends,  to  a  large  extent,  upon 
the  amount  of  alkaline  or  earthy  carbonates  with  which  the  water 
comes  into  contact.  This  is  indicated  by  the  figures  in  the  following 
table  ; — 


100  Vols,  of  Watev 
dissolve  of  the  fol- 
lowing Gases — 

Rain 
Water. 

Cumberland 
Mountain 
Water. 

Loch 
Katrine 
AVater. 

Thames 
Water. 

Deep  Chalk 
Well 
Water. 

Nitrogen, 
Oxygen,  . 
Carbon  dioxiile, 

Vols. 

1-308 
■637 
-128 

Vols. 

1-424 
-726 
•281 

Vols. 

1^731 
•704 
•113 

Vols. 
1-325 
-588 
4-0-21 

Vols. 
1-944 
-028 
5-620 

Water  for  use  in  the  laboratory  for  chemical  purposes  is  u.sually 
purified  by  distillation.  The  process  may  be  conducted  in  a  copper 
or  iron  boiler  (figure  41),  from  the  head  of  which  the  steam  passes 
into  a  spiral  coil  or  worm,  lined  with  pure  tin,  surrounded  by  cold 
water,  forming  the  condenser.  On  a  small  scale,  a  glass  retort  or  flask 
may  be  used,  with  a  Liebig  condenser,  which  consists  of  a  straight 
tube  passing  through  a  wider  one,  supplied  with  cold  water,  as  shown 
in  figure  42. 

Chemical  Relations  of  Water. — Water  acts  on  many  oxides, 
both  acid  and  basic,  with  great  energy  and  considera1)lc  evolution 
of  heat,  producing  compounds  called  hydroxides,  which  contain 
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Lyclrogen  and  oxygen  in  the  proportion  to  form  water,  but  not. 
actually  existing  as  water,  the  elements  of  the  two  bodies  in  com- 
bining having  undergone  a  change  of  arrangement  thus  : — 

KjO  +  HjO  =  2KH0,    Potassium  hydroxide  (potash). 
CaO  +  HjO  =  CaHgOp,  Calcium  hydroxide  (slaked  lime). 
SO3  +  HqO  =  SH2O4,    Sulphuric  hydroxide  (sulphuric  acid). 
PgOg  +  HjO  =  2PHO3,   Phosphoric  hydroxide  (metaphosphoric 

acid). 

In  many  of  these  compounds  the  elements  of  water  are  retained 
with  great  tenacity,  and  require  a  high  temperature  to  expel  them  ; 
c  dcium  hydroxide,  for  example,  requires  a  red  heat  to  convert  it 
into  anhydrous  calcium  oxide  (quicklime),  and  the  hydroxides  of 
potassium,  barium,  and  phosphorus  cannot  be  completely  dehydrated 
by  heat  alone. 

In  other  cases  water  appears  to  combine  with  other  bodies — salts, 
for  example — as  such,  or,  in  other  words,  without  alteration  of 


Fig.  41. 


atomic  arrangement.  Such  com]30unds  are  called  hydrates,  and 
the  water  contained  in  them — the  presence  of  which  has  great 
influence  on  the  crj'stalline  form  of  the  compound — is  called  water 
of  crystallisation.  Water  thus  combined  is  easily  expelled  by 
heat,  mostly  at  100°  to  120°.  The  dry  substance  deprived  of  water 
is  said  to  be  a  n  h  y  d  r  0  u  s. 

Many  salts  combine  with  different  quantities  of  water,  according 
to  the  temperature  at  which  they  separate  from  solution,  the  quantity 
thus  taken  up  being  for  the  most  part  greater  as  the  temperature  of 
solidification  is  lower  :  thus  sodium  carbonate  crystallises  from  solu- 
tion at  ordinary  temperatures  in  oblique  rhombic  prisms  containing 
10  molecules  of  water  (Na.2CO3-M0H.p),  whereas  at  higher  tempera- 
tures it  crystallises  as  Na.jC0.5-t-7H„0,  and  from  a  boiling  solution  in 
rectangular  plates  containing  NaoCOg-t-HgO. 

In  many  cases  remarkaljle  changes  of  colour  are  observed  in 
passing  from  one  hydrate  to  another,  as  in  the  addition  of  water 
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to  an  anhydrous  compound.  Tlius  the  comijouud  CuS0^5H20  con- 
stitutes blue  vitriol ;  anhydrous  cojiper  sulphate  CuSOj  is  white. 
Cupric  chloride  crystallised  with  water,  CuCljSHgO,  has  a  pale  blue 
colour  ;  the  anhydrous  chloride,  CuClg,  is  yellowish-brown.  Cobalt 
iodide  can  appear  in  three  forms — anhydrous,  Colg,  as  a  black  solid, 
with  two  proportions  of  water  C0I2.2H2O  as  green  crystals,  and  with 
six  proiDortions  CoIjGHgO  as  red  crystals. 

In  some  cases  water  of  crystallisation  is  so  feebly  combined  that 
it  gradually  separates  when  the  substance  containing  it  is  exposed 
at  ordinary  temperatures  to  dry  air,  the  salt  at  the  same  time  losing 
its  crystalline  character  and  falling  to  powder.  This  change,  called 
efflorescence,  is  strikingly  exhibited  by  crystallised  sodium  car- 
bonate and  sodium  phosphate.  On  the  other  hand,  many  substances 
which  are  very  soluble  in  water  attract  water  from  moist  air  in  such 


Fig.  42. 


quantity  as  to  form  a  solution  ;  this  change,  which  is  exhibited  by 
calcium  chloride  and  potassium  hydroxide  (caustic  potash),  is  called 
deliquescence. 

Solution  of  Solids. 

The  solvent  properties  of  water  far  exceed  those  of  any 
other  liquid  known.  Among  salts  a  very  large  proportion  are 
soluble  to  a  greater  or  less  extent,  the  solubility  usually  increasing 
with  the  temperature,  so  that  a  hot  saturated  solution  deposits 
crystals  on  cooling.  There  are  a  few  apparent  exceptions  to  this 
law,  one  of  the  most  remarkable  of  wliich  is  common  salt,  the 
solubility  of  which  is  nearly  the  same  at  all  temperatures  ;  the 
hydroxide  and  certain  organic  salts  of  calcium  also  dissolve  more 
freely  in  cold  than  in  hot  water. 

The  solubility  of  a  salt  is  usually  represented  by  the  quantity 
of  anhydrous  salt  dissolved  by  1()0  parts  of  water.    Figure  4:3 
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exhibits  a  graphic  method  of  displaying  and  comparing  the  solubility 
of  different  salts  in  water  of  difl'erent  temperatures.  The  lines 
of  solubility  cut  the  verticals  raised  from  points  indicating  the 
temperatures  upon  the  lower  horizontal  "  line,  at  heights  pro- 
portioned to  the  quantities  of  salt  dissolved  by  100  parts  of  water. 
The  diagram  shows,  for  example,  that  100  parts  of  water  dissolve,  of 
potassium  sulphate  8  parts  at  0°  C,  17  parts  at  50°,  and  25  parts 
at  100°.  Sodium  chloride  possesses  nearly  the  same  degree  of 
solubility  in  water  at  all  temperatures  ;  in  other  cases,  potassium 
sulphate  or  potassium  chloride,  for  example,  the  solubility  increases 
almost  directly  with  the  increment  of  temperature  ;  in  others,  again, 
like  potassium  nitrate  or  potassium  chlorate,  the  solubility  augments 


Solubility  of  Salts  in  100  parts  of  Water. 

Fi?.  43. 


0°  10°  20°  30°  40°  50"  60°  70°  80°  90°  100°  110°  C. 
32°  50°      68°     86°    140°    122°    140°    168°    176°    194°    212°    230°  F. 


Temperature. 

much  more  rapidly  than  the  temperature.  The  difterences  in  the 
deportment  of  these  and  other  salts  are  shown  very  conspicuously 
by  the  lines  and  curves  in  the  diagrnm. 

JExperiment. — Take  about  an  ounce  of  nitre  with  an  equal  weight 
of  common  salt  and  dissolve  them  in  about  8  ounces  of  warm  water, 
contained  in  an  evaporating  basin.  Support  the  dish  upon  a  stand 
over  a  Bunsen  flame  turned  low,  and  let  the  liquid  evaporate  till 
reduced  to  about  one-fourth  of  its  bulk.  Then  let  it  rest  a  moment 
till  all  crystals  which  have  been  deposited  may  subside  to  the  bottom, 
and  quickly  pour  ofl'  the  whole  of  the  still  warm  solution  into  another 
dish.  The  small  cubic  crystals  left  behind  consist  entirely  of  common 
salt.  The  liquid  on  cooling  shoots  into  long  prisms  of  a  totally 
difl'erent  form,  consisting  of  nitrate  of  potassium. 
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The  question  what  becomes  of  the  constituents  of  the  salt  when 
dissolved  in  water  is  a  very  difficult  one  and  cannot  be  fully- 
discussed  at  this  point.  But,  from  the  signs  of  chemical  combina- 
tion, such  as  evolution  of  heat,  observed  when  many  anhydrous 
salts  are  thrown  into  water,  and  from  the  fact  that  hydrated 
crystallised  salts  usually  form  solutions  of  the  same  colour  as 
the  crystals,  it  seems  probable  that  in  many  cases,  if  not  in 
all,  such  compounds  retain  their  Avater,  at  least  in  part,  when 
they  pass  into  solution.  The  solubility  of  a  hydrated  salt  also  differs 
in  some  cases  from  that  of  the  same  salt  in  the  anhydrous  state. 
Again,  many  salts,  as  already  observed,  form  more  than  one  hydrate  ; 
and  these  several  hydrates  may  also  differ  in  their  solubility. 
Sodium  sulphate  forms  a  hydrate  NaaSO^  +  THgO,  consisting,  in  ICIO 
parts,  of  53  parts  of  anhydrous  salt  and  47  parts  of  water,  which  is 
obtained  in  crystals  when  a  solution  of  sodium  sulphate,  saturated  at 
100°  C,  is  cooled  out  of  contact  with  the  air  :  this  hydrate  is  much 
more  soluble  than  the  ordinary  hydrate,  Na^SO^-l- IOH2O  (Glaubei-'s 
salt),  which  differs  from  the  former  in  its  crystalline  form,  and 
consists,  in  100  parts,  of  44*2  parts  of  anhydrous  salt  and  55'8  parts 
of  water.  When  a  solution  of  sodium  sulphate  is  saturated  at  the 
boiling  point  of  water,  and  cooled  to  the  common  temperature  with- 
out depositing  any  crystals,  the  salt  is  supposed  to  exist  in  the  form 
of  the  more  soluble  hydrate.  This  salt,  couung  in  contact  with  the 
dust  of  the  air,  or  with  a  small  crystal  of  common  Glauber's  salt,  is 
suddenly  transformed  into  the  less  soluble  hydrate,  part  of  which 
separates  from  the  solution  in  the  form  of  Glauber's  salt.  From 
0°  to  33°  C.  sodium  sulphate  dissolves  as  Glauber's  salt,  the 
solubility  of  which  increases  with  the  temperature ;  hence  the 
rapid  rise  of  the  curve  representing  the  solubility  of  tlie  salt.  Above 
33°  C.  the  hydrate  of  sodium  sulphate  is  decomposed,  even  in  solu- 
tion, being  more  and  more  thoroughly  converted  into  the  anhydrous 
salt  as  the  temperature  increases.  Sodium  sulphate  appears,  how- 
ever, far  less  soluble  in  the  anhydrous  state,  and  hence  the  diminution 
of  solubility  of  the  salt  when  its  solution  is  heated  above  33"  C. 

When  water  is  heated  in  a  strong  vessel  to  a  temperature  above 
that  of  the  ordinary  boiling  point,  its  solvent  powers  are  still  further 
increased.  Tilden  and  Shenstone  have  traced  the  solubility  of  a 
number  of  salts  in  water  at  temperatures  above  the  usual  boiling 
point,  and  have  shown  that  in  the  case  of  some  of  the  more  fusible 
salts,  such  as  silver  nitrate,  the  solubility  becomes  practically  infinite 
at  temperatures  approaching  the  melting  points  of  the  salts.  The 
solubility  of  many  salts,  especially  these  of  the  heavy  metals,  cannot 
be  determined  at  these  higher  temperatures,  because  chemical  decom- 
j)ositiou  tiikes  place  and  new  compounds  are  formed  by  the  inter- 
action of  the  water  and  the  salt. 

Turner  enclosed  in  the  upper  part  of  a  high-pressure  steam-boiler, 
worked  at  149°  C.  (300°  F.),  pieces  of  plate  and  crown  glass.  At  the 
expiration  of  four  months  the  glass  was  found  completely  corroded 
by  the  action  of  the  water  ;  what  remained  was  a  white  mass  of  silica, 

VOL.  I.  F 


i 


82 


ABSORPTION  OF  GA8ES. 


destitute  of  alkali,  while  stalactites  of  siliceous  matter,  above  an  inch 
in  length,  depended  from  the  little  wire  cage  which  enclosed  the 
glass.  This  experiment  tends  to  illustrate  the  changes  which  may  be 
produced  by  the  action  of  water  at  a  high  temperature  in  the  interior  of 
the  earth  upon  felspathic  and  other  rocks.  The  phenomenon  is  mani- 
fest in  the  Geyser  springs  of  Iceland,  which  deposit  siliceous  sinter. 

Experiment. — 1.  Mix  some  Glauber's  salt  in  a  test-tube  with  about 
one-tenth  of  its  weight  of  water.  Place  the  bulb  of  a  thermometer 
in  the  mixture,  and  warm  the  tube  gently  till  the  temperature  of 
33°  to  34°  is  reached.  The  crystals  dissolve.  Now  remove  the 
thermometer  and  heat  the  liquid  till  it  boils.  A  copious  deposit  of 
small  crystals  of  sodium  sulphate,  Na2S04,  will  be  produced. 

2.  Dissolve  a  quantity  (2  or  3  ounces)  of  sodium  sulphate,  or 
better,  of  alum,  by  the  aid  of  gentle  heat  in  about  half  its  weight  of 
water,  contained  in  a  small  flask.  Filter  the  liquid  whilst  hot  into 
a  second  flask,  and  allow  it  to  cool.  If  sufficient  care  has  been  taken 
to  remove  or  dissolve  every  particle  of  the  solid,  the  solution  will 
not  deposit  crystals.  But,  on  dropping  in  a  small  particle  of  the 
crystallised  salt,  and  frequently,  by  mere  exposure  to  the  dust  of  the 
air,  which  j)robably  contains  particles  of  the  same  compound, 
crystallisation  at  once  ensues,  and  the  whole  speedily  solidities.  A 
liquid  in  this  condition  is  said  to  be  "supersaturated." 

Absorption  of  Gases. 

Water  likewise  dissolves  gases.  Solution  of  gases  in  water  (or  in 
other  liquids)  is  called  absorption,  unless  this  solution  gives  rise  to 
the  formation  of  chemical  compounds  in  definite  proportions.  The 
phenomena  of  absorption  were  studied  by  Bunsen,  to  whom  we  are 
indebted  for  the  first  accurate  examination  of  this  subject. 

Water  dissolves  very  unequal  quantities  of  the  different  gases, 
and  very  unequal  quantities  of  the  same  gas  at  different  tempera- 
tures. 1  vol.  of  water  absorbs,  at  the  temjieratures  stated  in  the 
table,  and  under  the  pressure  of  1  atmosphere,  the  following 
volumes  of  different  gases,  measured  at  0°  C.  and  760  imn.  pressui-e. 
The  values  for  0°  are  usually  referred  to  as  the  coefficients  of 
absorption  of  the  several  gases  : — 


0°  c.  . 

Oxygen. 
.  0-041 

Nitrogen. 
0-020 

Hydrogen. 
0-019 

Nitrogen 
51  onoxide. 
1-31 

Carbon 
Dioxide. 
1-80 

10° 

.  0-033 

0016 

0-019 

0-92 

1-18 

20° 

.  0-028 

0-014 

0-019 

0-67 

0-90 

0°  C.  . 

Chlorine. 

Ilyilrogeii 
Siilphiile. 
4-37 

Sulphurous 
Oxide. 
53-9 

Hydrogen 
Cliloride. 
505 

Ammonia. 
1180 

10° 

'.  2-59 

3-59 

36-4 

472 

898 

20° 

.  216 

2-91 

27-3 

441 

680 

30° 

.  1-75 

2-33 

20-4 

412 

536 

40° 

.  1-37 

1-86 

15-6 

387 

444 
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When  the  pressure  increases,  a  Uirger  quantity  of  the  gas  is 
absorbed.  Gases  moderately  soluble  in  water  follow  in  their  solu- 
bility the  law  of  Henry  and  Dalton,  according  to  which  the  quantity 
of  gas  dissolved  is  proportional  to  the  pressure.  At  10°  C.  1  vol.  of 
water  absorbs,  under  a  pressure  of  1  atmosphere,  ri8  vol.  of  carbon 
dioxide,  measured  at  0°  and  under  a  pressure  of  760  mm.  of  mercury. 
The  quantity  of  carbon  dioxide  dissolved  under  a  pressure  of 
2  atmospheres,  and  measured  under  conditions  precisely  similar'  to 
those  of  the  previous  experiments,  equals  2*36  vols.  Again,  1  vol. 
of  water  dissolves,  imder  a  pressure  of  ^  atmosphere,  0'59  vol.  of 
carbon  dioxide  also  measured  at  0°  and  under  760  mm.  of  mercury. 
Gases  which  are  exceedingly  soluble  in  water  do  not  obey  this  law, 
except  at  high  temperatures,  when  the  solubility  has  been  already 
considerably  diminished. 

It  deserves,  however,  to  be  noticed,  that  the  pressure  which  deter- 
mines the  rate  of  absorption  of  a  gas  is  by  no  means  the  general 
pressure  to  which  the  absorbing  liquid  is  exj^osed,  but  that  pressure 
which  the  gas  under  consideration  would  exert  if  it  were  alone  pre- 
sent in  the  space  with  which  the  absorbing  liquid  is  in  contact. 
Thus,  sup250sing  water  to  be  in  contact  with  a  mixture  of  1  vol.  of 
carbon  dioxide  and  3  vols,  of  nitrogen,  under  a  pressure  of  4  atmos- 
pheres, the  amount  of  carbon  dioxide  dissolved  by  the  water  will 
not  be  equal  to  that  which  the  water  would  have  absorbed  if  it 
had  been,  at  the  same  pressure  of  4  atmosiiheres,  in  contact  with 
pure  carbon  dioxide.  In  a  mixture  of  carbon  dioxide  and  nitrogen 
in  the  stated  proportions,  the  carbon  dioxide  exercises  only  j,  the 
nitrogen  only  J,  of  the  total  pressure  of  the  gaseous  nrixture  (4 
atmospheres) ;  the  partial  pressure  due  to  the  carbon  dioxide  is  in 
this  case  1  atmosphere,  that  due  to  the  nitrogen  3  atmospheres  ;  and 
water,  though  exposed  to  a  pressure  of  4  atmospheres,  cannot,  under 
these  circumstances,  absorb  more  carbon  dioxide  than  it  would  if 
it  were  in  contact  with  jjure  carbon  dioxide  under  a  pressure  of  1 
atmosphere. 

It  is  necessary  to  bear  this  in  mind  in  order  to  understand  why 
the  air  which  is  absorbed  by  Avater  out  of  the  atmosphere  differs  in 
composition  from  atmospheric  air.  The  latter  consists  very  nearly 
of  21  vols,  of  oxygen  and  79  vols,  of  nitrogen.  In  atmospheric  air 
which  acts  under  a  pressure  of  1  atmosphere,  the  oxygen  exerts  a 
partial  pressure  of  j^p,  the  nitrogen  a  partial  pressure  of  fg^g  atmos- 
phere. At  lO"  C.  1  vol.  of  water  (see  the  above  table)  absorbs  0-033 
vol.  of  oxygen  and  0"016  vol.  of  nitrogen,  su])posing  these  gases  to 
act  in  the  pure  state  under  a  pressure  of  1  atmosphere.  But  under 
the  partial  pressures  just  indicated,  water  of  10"  C.  cannot  absorb 
more  than  ^-^Jg  x  0-033  =  0-007  of  oxygen,  and  -."A  x  0-016  =  0-013  vol. 
of  nitrogen.  In  0-007 -f- 0-01 3  ==0-020  vol.  ot  the  gaseous  mixture, 
absorbed  by  water  there  are  consequently  0-007  vol.  of  oxygen,  and 
0-013  vol.  of  nitrogen,  or  in  20  vols,  of  this  mixture,  7  vols,  ot  oxygen 
and  13  vols,  of  nitrogen,  or  in  100  vols,  of  the  gaseous  mixture, 
35  vols,  of  oxygen,  and  65  vols,  of  nitrogen.    The  air  contained  at 
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the  common  temperature  in  water  is  thus  seen  to  be  very  much 
richer  in  oxygen  than  ordinary  atmospheric  air. 

It  has  even  been  proposed  to  aj^ply  this  property  of  water  to 
absorb  oxygen  from  the  air  more  readily  than  nitrogen  to  the  pre- 
paration of  oxygen  for  industrial  use.  Air  pressed  into  water  by 
means  of  a  forcing-pump,  and  the  gases  which  escape  on  diminishing 
the  pressure  subjected  to  the  same  treatment  eight  times  in  succession 
yields  a  mixture  which  consists  chiefly  of  oxygen.  The  following 
table  shows  the  composition  of  the  gaseous  mixture  at  each  successive 
stage  : — • 


Atmospheiio 
Air. 

Composition  aftei'  successive  Pressures. 

1 

2 

3 

4 

5 

6 

7 

8 

N  .    .  79 
0  .    .  21 

66-67 
33-33 

52-5 
47-5 

37-5 
62-5 

25-0 
75-0 

15-0 
85-0 

9-0 
91-0 

5  0 
95-0 

2-7 
97-3 

Water  containing  a  gas  in  solution,  when  exposed  in  a  vacuum  or 
in  a  space  filled  with  another  gas,  allows  the  gas  absorbed  to  escape 
until  the  qxiantity  retained  corresponds  with  the  share  of  the  pres- 
sure belonging  to  the  gas  evolved.  If  the  latter  be  constantly 
removed  by  a  powerful  absorbent  or  by  a  good  air-pump,  it  is  in 
most  cases  easy  to  separate  every  trace  of  gas  from  the  water.  The 
same  result  is  obtained  when  water  containing  a  gas  in  solution  is 
exposed  in  a  relatively  very  large  space  filled  with  another  gas. 
Water  in  which  nitrogen  monoxide  is  dissolved  loses  the  latter 
entirely  by  mere  exposure  to  the  atmosphere,  and  the  gas  evolved 
cannot,  at  any  moment,  exert  more  than  an  infinitely  small  share  of 
the  pressure.  If  water  be  freed  from  gases  by  ebullition,  the  separa- 
tion depends  partly  upon  the  diminution  of  the  solubility  by  the 
increase  of  temperature,  partly  also  upon  the  formation  above  the 
surface  of  the  liquid  of  a  constantly  renewed  atmosphere  into  which 
the  gas  still  retained  by  the  liquid  may  escape. 

Some  gases  which  are  absorbed  in  large  quantities  and  very 
quickly  by  water — hydrogen  chloride,  for  instance— cannot  be  per- 
fectly expelled  either  by  the  protracted  action  of  another  gas  (ex- 
posure to  the  atmosphere)  or  by  ebullition  ;  in  such  cases  the  liquid, 
still  charged  with  gas,  evaporates  as  a  wiiole  when  it  has  assumed  a 
certain  composition.  This  composition  varies,  howevei-,  with  the 
temperature  if  the  liquid  be  subuutted  to  a  current  of  air,  and  with 
the  pressure  if  it  be  boiled. 

Liquids  also  lose  the  gas  they  contain  in  solution  by  freezing  : 
hence  the  air  bubbles  in  ice,  which  consist  of  the  air  which  had  been 
absorbed  from  the  atmosphere  by  the  water.  Gas  is  retained  by 
liquids  at  the  freezing  temperature  only  when  it  forms  a  chemical 
combination  in  definite  projjortion  with  the  liq  lid.  Water  contain- 
ing chlorine  or  sulphurous  acid  in  solution  freezes,  without  evolu- 
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tion  of  gas,  with  formation  of  a  solid  hydrate  of  chlorine  or  of 
sulphurous  acid. 

Pure  water  generally  dissolves  gases  more  copiously  than  water 
containing  solid  bodies  in  solution  (salt  water,  for  instance).  If  in 
some  few  cases  exceptions  are  observed  to  take  place,  they  appear  to 
depend  upon  the  formation  of  feeble  but  true  chemical  compounds 
in  definite  proportion  ;  the  fact  that  carbon  dioxide  is  more  copiously 
absorbed  by  water  containing  sodium  phosphate  in  solution  than  by 
pure  water,  may  be  explained  in  this  manner.  The  absorption  of 
carbon  dioxide  by  chalky  waters  has  already  been  referred  to 
(p.  77). 

Properties  of  Solutions. 

Liquid.  Diffusion.  Dialysis. — When  a  solution  having  a  density 
greater  than  that  of  water  is  introduced  into  a  cylindrical  glass 
vessel  containing  water,  in  such  a  manner  that  the  two  layers  of 
liquid  remain  unmixed,  the  substance  dissolved  in  the  lower  liquid 
will  gradually  pass  into  the  supernatant  water,  though  the  vessel  may 
have  been  left  undisturbed,  and  the  temperature  remain  unchanged. 
This  gradual  passage  of  a  dissolved  substance  from  its  original  solu- 
tion into  pure  watei",  taking  place  notwithstanding  the  higher  density 
of  the  substance,  is  called  diffusion.  The  phenomena  of  diffusion 
were  elaborately  investigated  by  Graham,  who  arrived  at  very 
important  results.  Different  substances,  when  in  solutions  of  the 
same  concentration,  and  under  other  similar  circumstances,  diffuse 
with  very  uneqiial  velocity.  Hydrogen  chloride,  for  instance,  diffuses 
with  greater  rapidity  than  potassium  chloride,  potassium  chloride 
more  rapidly  than  sodium  chloride,  and  the  latter,  again,  more 
quickly  than  magnesium  sulphate ;  gelatin,  albumin,  and  caramel 
diffuse  very  slowly.  Diffusion  is  generally  found  to  take  place 
more  rapidly  at  high  than  at  low  temperatures.  It  is  more 
particularly  rapid  with  crystallised  substances,  though  not  exclu- 
sively, for  hyclrogen  chloride  and  alcohol  are  among  the  highly 
diffusive  bodies ;  slow  with  non-crystalline  bodies,  which,  like  gelatin, 
are  capable  of  forming  a  jelly,  though  even  here  exceptions  are  met 
with.  Graham  calls  the  substances  of  great  diffusibility  crystalloids, 
the  substances  of  low  diifusibility  colloids.  The  imequal  power  of 
diffusion  with  which  different  substances  are  endowed  frequently 
furnishes  the  means  of  separating  them.  When  water  is  poured  with 
caution,  so  as  to  prevent  mixing,  upon  a  solution  containing  equal 
quantities  of  potassium  chloride  and  sodiuni  chloride,  the  more 
dilfusible  potassium  chloride  travels  more  rapidly  upwards  tlian  the 
less  diffusible  sodium  chloride,  and  very  consideraljle  portions  of 
potassium  chloride  will  have  reached  the  upper  layers  of  the  water 
before  the  sodium  chloride  has  arrived  there  in  appreciable  quantity. 
The  separation  of  rapidly  diffusiljle  crystalloids  and  slowly  diffusible 
colloids  succeeds  still  better. 

A  more  complete  separation  of  crystalloids  and  colloids  may  be 
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accomplished  in  the  following  manner  : — Graham  made  the  im- 
portant observation  that  certain  membranes,  and  parchment  paper, 
when  in  contact,  on  the  one  surface,  with  a  solution  containing 
a  mixture  of  crystalloidal  and  colloidal  substances,  and,  on  the 
other  surface,  with  pure  water,  will  permit  the  passage  to  the  water 
of  the  crystalloids,  but  not  of  the  colloids.  To  carry  out  this 
important  mode  of  separation,  which  is  designated  by  the  term 
dialysis,  the  lower  mouth  of  a  glass  vessel,  open  on  both  sides  (fig. 
44),  is  tied  over  with  parchment  paper,  placed  upon  an  appropriate 
support  (fig.  45),  and  transferred,  together  wdth  the  latter,  into  a 
larger  vessel  filled  witli  water  (fig.  46)  ;  or  the  vessel  may  be  sus- 
pended, as  shown  in  figure  47.  The  liquid  containing  the  different 
substances  in  solution  is  then  poured  into  the  inner  vessel,  so  as  to 
form  a  layer  of  about  half  an  inch  in  lieight  upon  the  parchment 

Fig.  44.  Fig.  47. 


paper.  The  crystalloidal  substances  gradually  pass  through  the 
parchment  paper  into  the  outer  water,  which  may  be  renewed  from 
time  to  time  ;  the  colloidal  substances  are  almost  entirely  retained 
by  the  liquid  in  the  inner  vessel.  In  this  manner  Graham  prepared 
several  colloids  free  from  crj^stalloids  ;  he  showed,  moreover,  that 
poisonous  crystalloids,  such  as  arsenious  acid  or  strychnine,  even 
when  mixed  with  very  large  proportions  of  colloidal  substances,  pass 
over  into  the  water  of  the  dialyser  in  such  a  state  of  purity  that 
tlieir  presence  may  be  established  by  reagents  with  tlie  utmost 
facility. 

Osmose. — When  two  diflerent  liquids  are  se^jarated  by  a  porous 
diaphragm,  as,  for  instance,  by  a  membrane,  and  the  liquids  mix 
tlirough  this  diaphragm,  it  is  found  that  in  most  cases  the  quantities 
travelling  in  opposite  directions  arc  unequal. 

Osmotic  pressure. — These  phenomena  have  been  studied  most  satis- 
factorily by  means  of  porous  earthenware  vessels,  the  pores  of  which 
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have  been  stopped  by  the  deposition  of  a  fine  precipitate.  Ferro- 
cyanide  of  copper  has  usually  been  employed,  and  its  deposition  is 
easily  efl'ected  by  saturating  a  clay  battery  cell  with  copper  sulphate, 
rinsing  it  out  with  watei-,  and  then 
immersing  in  a  solution  of  potassium  48. 
ferrocyanide.  A  vessel  thus  prepared 
if  filled  with  a  solution  of  sugar  for 
example,  allows  water  to  pass  through 
but  not  the  dissolved  sugar.  Hence 
if  the  pot,  filled  with  svich  a  solution, 
be  closed  by  a  rubber  cork  throut;li 
which  passes  a  tube  bent  as  in  the 
figure  and  then  immersed  in  water, 
it  will  be  found  that  the  liquid  in 
the  tube  gradually  rises  till  it  attains 
a  considerable  height,  indicating  the 
existence  of  an  excess  of  pressure 
within  the  vessel.  This  pressure  is 
called  Osmotic  Pressure,  and  if  the 
temperature  is  kept  constant  its 
amount  is  proportional  to  the 
strength  of  the  solution.  It  is  sup- 
posed that  as  the  water  passes  freely 
through  the  membrane,  while  the 
dissolved  substance  passes  only  very 
slowly  by  dift'usion,  the  water  passes 
from  without  into  the  pot  till  the 
water  pressure  on  both  sides  of  the 
membrane  is  the  same.  Inside  there 
is  also  the  pressure  exerted  by  the 
dissolved  substance,  which,  according  to  the  current  hyjDothesis, 
behaves  when  in  a  state  of  solution  as  though  its  molecules  moved 
like  gaseous  molecules  (see  Kinetic  Theory  of  Gases)  within  the  space 
occupied  by  the  liquid. 


Density  op  Solids  and  Liquids. 

By  the  density  of  a  body  is  meant  the  quantilii  of  matter  compared 
with  the  quantity  of  matter  in  an  erpuil  volume  of  some  standard  body 
arbitrarily  chosen.  Specific  gravity  is  a  term  often  used  to  denote  the 
weight  of  a  body — or  the  force  with  which  it  tends  to  fall  to  tlie 
earth — as  compared  with  the  weight  of  an  equal  bulk,  or  volume,  of 
the  standard  body,  which  is  reckoned  as  unity.  In  other  words, 
density  means  comparative  niass,  and  specific  gravity  comparative 
wnght.  These  expressions  are  often  used  indifl'erenlly,  since  mass 
and  weight  are  directly  proportional  to  each  other.  The  term 
relative  density  is,  however,  preferable  to  specific  gravity,  inaaniuc.li 
as  weight  is  a  variable  property  depending  upon  the  position  of  the 
body  on  the  earth,    Jn  all  cases  of  solids  and  liquids  the  standard 
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of  unity  adopted  is  pure  water  at  the  temperature  of  maximum 
density  or  4°  C.  Anything  else  might  have  been  chosen  ;  there  is 
nothing  in  water  to  render  its  adoption  for  the  jjurpose  mentioned 
indispensable  :  it  is  simply  taken  for  the  sake  of  convenience,  being 
always  at  hand,  and  easily  olitained  in  a  state  of  purity.  An 
ordinary  expression  of  specific  weight,  therefore,  is  a  number 
expressing  how  many  times  the  weight  of  an  equal  bulk  of  water  is 
contained  in  the  weight  of  the  substance  spoken  of.  If,  for  example, 
we  say  that  concentrated  oil  of  vitriol  has  a  relative  density  equal  to 
r85,  or  that  pure  alcohol  has  a  densit}'^  of  0  794  at  15-5°  C,  we 


balance  usually  employed  is  constructed  of  brass  and  all  the  working 
parts  are  made  as  light  as  possible,  consistently  with  inflexibility. 
A  balance  of  modern  construction  is  shown  in  figure  1,  p.  10. 

To  find  the  relative  density  of  any  particular  liquid  compared 
with  that  of  water,  it  is  only  requisite  to  weigh  equal  bulks  at  the 
standard  temperature,  and  then  divide  the  weight  of  the  liquid  liy 
the  weight  of  the  water;  the  quotient  will  be  "greater  or  less  than 
unity,  as  the  liquid  experimented  on  is  heavier  or  lighter  than 
water.  Now,  to  weigh  equal  bulks  of  two  liquids,  the  simplest  and 
best  method  is  clearly  to  weigh  them  in  succession  in  the  same  vessel, 
taking  care  that  it  is  equally  full  on  both  occasions. 

The  vessel  commonly  used  for  this  purpose  is  a  small  glass  bottle 
provided  with  a  perforated  conical  glass  stopper,  very  accurately  fitted 
by  grinding  (fig.  49).    By  completely  filling  the  bottle  with  liquid. 


mean  that  equal  bulks  of  these 
two  liquids  and  of  distilled 
water  possess  weights  in  the 
proportion  of  the  numbers 
]-85,  0-794,  and  1;  or  1850, 
794,  and  1000.  It  is  necessary 
to  be  particular  about  the 
temperature,  for,  since  bodies 
change  in  volume  with  change 
of  temperature,  a  constant  bulk 
of  the  same  liquid  will  not 
retain  a  constant  weight.  It 
will  be  proper  to  begin  with 
the  description  of  the  mode  in 
which  the  density  of  liquids 
is  determined :  this  is  the 
simplest  case,  and  the  one 
which  best  illustrates  the 
general  principle. 


In  all  operations  of  this  kind, 
and  in  the  conduct  of  quanti- 
tative chemical  analysis,  the 
determination  of  weight  must 
be  made  with  considerable 
approach  to  accuracj\  The 
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and  carefully  removing  the  portion  of  liquid  which  is  displaced  when 
the  stopper  is  inserted,  an  unalterable  measure  is  obtained.  The 
least  possible  quantity  of  grease  applied  to  the  sto2:)per  greatly  pro- 
motes tlie  exact  litting. 

When  the  chemist  has  only  a  very  small  quantity  of  a  liquid  at 
his  disposal,  and  wishes  not  to  lose  it,  the  little  glass  vessel  (tig.  50) 
is  particularly  useful.  It  is  formed  by  blowing  a  bulb  on  a  glass 
tube.  On  that  portion  of  the  tube  which  is  narrowed  by  drawing 
the  tube  out  over  a  lamp,  a  fine  scratch  is  made  with  a  diamond. 
The  bulb  is  filled  up  to  this  mark  with  the  liquid  while  it  stands  in 
water,  the  temperature  of  which  is  exactly  known.  A  very  fine 
funnel  is  used  for  filling  the  bulb,  the  stem  of  the  funnel  being 
drawn  out  so  as  to  enter  the  tube,  and  the  ujjper  opening  of  the 
funnel  being  small  enough  to  be  closed  by  the  finger.  The  glass 
stopper  is  wanted  only  as  a  guard,  and  does  not  require  to  fit 
perfectly. 

Another  more  convenient  form  of  apparatus  used  in  determining 
the  density  of  liquids  was  devised  by  Dr  Sprengel.  It  consists  of  an 
elongated  U-tube 
(fig.  51),  the  ends  of 
which  terminate  in 
the  two  capillary 
tubes,  a,  b,  bent  at 
right  angles  in 
opposite  directions. 
The  shorter  one,  a, 
is  a  good  deal 
narrower  (at  least 
towards  the  end) 
than  the  longer  one, 
the  inner  diameter 
of  which  is  about 
half  a  millimetre. 
The  horizontal  part 
of  this  wider  tube  is  marked  near  tlie  bend  Avith  a  fine  line,  h. 
The  U-tube  is  filled  by  suction — the  little  bulb-apparatus  (fig.  52) 
having  been  previously  attached  to  the  narrow  capillary  tube 
by  a  piece  of  india-rubber  tubing — then  detached  from  tlie  bulb, 
placed  in  water  almost  up  to  the  bends  of  tlie  capillary  tubes,  left 
there  till  it  has  assumed  the  temperature  of  the  water,  and,  after 
careful  adjustment  of  the  volume  of  the  liquid  up  to  the  mark  h  in 
the  wider  capillary  tube,  it  is  taken  out,  dried,  and  weighed. 

The  determination  of  the  density  of  a  solid  body  is  also  made  ac- 
cording to  the  principles  above  explained,  and  may  be  performed 
with  the  specific-gravity  bottle  (fig.  49).  The  bottle' is  first  weighed 
full  of  water  ;  the  solid  is  then  placed  in  the  same  pan  of  the  balance, 
and  its  weight  is  determined  ;  finally,  the  solid  is  put  into  the  bottle, 
displacing  an  equal  bulk  of  water,  the  weight  of  wiiich  is  determined 
by  the  loss  on  again  weighing.    Thus,  the  weights  of  the  solid  and 
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that  of  an  equal  bulk  of  water  are  obtained, 
by  the  latter  gives  the  relative  density. 


The  former  divided 


For  example,  the  weight  of  a  small  piece  of  silver 

wire  was  found  to  be,  

Glass  bottle  filled  with  water,  .... 


After  an  equal  volume  of  water  was  displaced  by 
the  silver,  the  weight  was,  .... 


6-36  gram?. 
19-09  „ 


2.5--J5 


24-85 


Fig.  53. 


Hence  the  displaced  water  weighed,  .       .       .       0-6(i  „ 
From  this  the  relative  density  of  the  |  6-3fj_,^.„ 
silver  wire  is,         ....     J   o-6U  ~ 

Another  less  exact  method  of  determining  the  relative  density  of 
solids,  is  based  on  the  well-known  theorem  of  Archimedes,  which 
may  be  thus  expressed  : 

When  a  solid  is  immersed  in  a  fluid,  it  loses 
a  portion  of  its  weight ;  and  this  portion  is 
equal  to  tlie  M'eight  of  the  fluid  which  it  dis- 
places, that  is,  to  the  weight  of  its  own  bulk  of 
that  fluid. 
This  principle  is  applied  as  follows  : — 
Let  it  be  required,  for  example,  to  know 
the  density  of  a  body  of  extremely  irregular 
form,  as  a  small  group  of  rock-crystals :  the 
first  part  of  the  operation  consists  in  deter- 
mining its  absolute  weight,  or,  more  correctly 
speaking,  its  weight  in  air  ^  it  is  next  suspended 
from  the  balance-pan  by  a  fine  horsehair,  im- 
mersed completely  in  pure  water  at  15-5°,  and 
again  weighed.  It  now  weighs  less,  the  difference 
being  the  weight  of  the  water  it  disj)lace3,  that 
is,  the  weight  of  an  equal  bulk.  This  being 
known,  notliing  more  is  required  than  to  find, 
by  division,  how  many  times  the  latter  number 
is  contained  in  the  former  ;  the  quotient  will  be  the  density,  water 
at  the  temperature  of  15-5°  being  taken  - 1.    For  example  : — 


The  quartz-crystals  weigh  in  air, 
When  immersed  in  water,  they  weigh, 

Difference,  being  the  volume  of  an  equal  volume 

of  water,  

1903 


19-03  grams. 
11-67  „ 


7-36 


7-36 


-  =  2-58,  tbe  density  required. 


The  rule  is  generally  thus  written  :  "  Divide  the  weight  in  air  by 
tlie  loss  of  weight  in  water,  and  the  quotient  will  be  the  relative 
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density."  Tn  reality  it  is  not  the  weight  in  air  which  is  rer|nired, 
but  the  weight  tiie  body  would  have  in  empty  space  :  the  error  intro- 
duced, namely,  the  weight  of  an  equal  bulk  of  air,  is  so  trifling  that 
it  is  usually  neglected. 

Sometimes  the  body  to  be  examined  is  lighter  than  water,  and 
floats.  In  this  case,  it  is  first  weighed,  and  afterwards  attached  to 
a  piece  of  metal  heavy  enough  to  sink  it,  and  siisiDended  from  the 
balance.  The  whole  is  then  exactly  weighed,  immersed  in  water, 
and  again  weighed.  The  difference  between  the  two  weighings 
gives  the  weight  of  a  quantity  of  water,  equal  in  bulk  to  both 
together.  The  light  substance  is  then  detached,  and  the  same 
operation  of  weighing  in  air,  and  again  in  water,  repeated  on  the 
piece  of  metal.  These  data  give  the  means  of  finding  the  specific 
gravity,  as  will  be  seen  by  the  following  example  : — 

Light  substance  (a  piece  of  wax)  weighs  in  air,  .       8'66  grams. 

Attached  to  a  piece  of  brass,  the  whole  now 

weighs,  11 -90  „ 

Immersed  in  water,  the  system  weighs,     .       .       2'51  „ 


Weight  of  water  equal  in  bulk  to  brass  and  wax,  9-39 


Weight  of  brass  in  air,  3  24  „ 

Weight  of  brass  in  water,  2'87  „ 


Weight  of  equal  bulk  of  water,  ....  0'37 


Weight  of  bulk  of  water  equal  to  wax  and  brass,  9  39  „ 
Weight  of  bulk  of  water  equal  to  brass  alone,    .       0-37  „ 

AVeight  of  bulk  of  water  equal  to  wax  alone,     .       9'i)2  ,, 
8*66 

__  =  0'96,  the  density  required. 

In  all  such  experiments,  it  is  necessary  to  pay  attention  to  the 
temperature  and  purity  of  the  water,  and  to  remove  with  great  care 
all  adhering  air-bubl)les,  otherwise  a  false  result  will  be 
obtained. 

Other  cases  require  attention  in  which  these  opera- 
tions must  be  modified  to  meet  particular  difficulties. 
One  of  these  happens  when  the  substance  is  dissolved  or 
acted  upon  by  water.  This  difficulty  is  easily  overcome 
by  substituting  some  other  liquid  of  known  density 
wliich  experience  shows  is  witliout  action.  Alcohol  or 
oil  of  turpentine  may  generally  be  used  when  water 
is  inadmissible.  Suppose,  for  instance,  the  density  of  crystallised 
sugar  is  required,  we  proceed  in  the  following  way  : — The  (lensity  of 
the  oil  of  turpentine  is  first  determined;  let  it  be  087;  the  su^ar 
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is  next  weighed  in  the  air,  then  suspended  by  a  horsehair,  and 
weighed  in  the  oil ;  the  difference  is  the  weight  of  an  equal  bulk  of 
the  latter;  a  simple  calculation  gives  the  weight  of  a  corresponding 
volume  of  water  : — 


Weight  of  sugar  in  air,  ..... 
Weight  of  sugar  in  oil  of  turpentine,  . 

Weight  of  equal  bulk  of  oil  of  turpentine, 


25-92  grams. 
11-82  „ 


14-10 


87  :  100  =--  14-10  :  16-20, 

the  weight  of  an  equal  bulk  of  water  :  hence  the  density  of  the 
sugar, — 

25-92  ^ 


14-10 


Fiff.  55. 


If  the  substance  to  be  examined  consists  of  small  pieces,  or  of 
powder,  the  method  first  described,  namely,  that  of  the  specific- 
gravity  bottle,  can  alone  be  used. 

Hydrometers. — The  theorem  of  Archimedes  affords 
the  key  to  the  general  doctrine  of  the  equilibrium  of 
floating  bodies,  of  which  an  application  is  made  in  the 
common  hydrometer, — an  instrument  for  finding  the 
relative  densities  of  liquids  in  a  very  easy  and  expe- 
ditious manner. 

When  a  solid  body  is  placed  upon  the  surface  of  a 
liquid  specifically  heavier  than  itself,  it  sirdis  down 
until  it  displaces  a  quantity  of  liquid  equal  to  its  own 
weight,  at  which  point  it  floats.  Thus,  in  the  case  of 
a  substance  floating  in  water,  whose  density  is  one-half 
that  of  the  liquid,  the  position  of  equilibrium  will 
involve  the  immersion  of  exactly  one-half  of  the  body, 
inasmuch  as  its  whole  weight  is  counterpoised  by  a 
quantity  of  water  equal  to  half  its  volume.  If  the 
.same  body  were  put  into  a  liquid  of  one-half  the 
density  of  water,  if  such  could  be  found,  it  would  then 
sink  beneath  the  surface,  and  remain  indift'erently  in 
any  part.  A  floating  body  of  known  density  may  thus 
be  used  as  an  indicator  of  the  density  of  a  liquid.  In 
this  manner  little  glass  beads  (fig.  54)  of  known 
densities  are  sometimes  emplo_yed  in  the  arts  to  ascer- 
tain in  a  rude  manner  the  density  of  liquids  ;  the  one 
that  flouts  indifferently  beneath  the  surface,  without 
eitlier  sinking  or  rising,  has  of  course  the  same  density 
as  tlie  liquid  itself ;  tliis  is  pointed  out  by  the  number 
marked  upon  the  bead. 

The  hydrometer  (fig.  55)  in  general  xise  consists  of  a 
floatiug  vessel  of  thin  metal  or  glass,  having  a  weight  beneath  to 
maintain  it  in  an  upright  position,  and  a  stem  above  bearing  a  divided 
scale.    The  liquid  to  be  tried  is  put  into  a  small  narrow  jar,  and  the 
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instrument  floated  in  it.  It  is  obvious  that  the  denser  the  liquid, 
the  higher  will  the  hydrometer  float,  because  a  smaller  displacement 
of  liquid  will  counterbalance  its  weight.  For  the  same  reason,  in  a 
liquid  of  less  density,  it  sinks  deeper.  The  hydrometer  comes  to 
rest  almost  immediately,  and  then  the  mark  on  the  stem  at  the  fluid- 
level  may  be  read  oft'. 

Very  extensive  use  is  made  of  instruments  of  this  kind  in  the 
arts  :  they  sometimes  bear  difl'erent  names,  according  to  the  kind  of 
liquid  for  which  they  are  intended  ;  but  the  principle  is  the  same 
in  all.  The  graduation  is  very  commonly  arbitrary,  two  or  three 
different  scales  being  unfortunately  used.  These  may  be  sometimes 
reduced,  however,  to  the  true  numbers  expressing  the  relative 
density  by  the  aid  of  tables  of  comparison  drawn  up  for  the  purpose. 
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THE  HALOGEN  GROUP  OF  ELEMENTS. 

This  group  includes  chlorine,  bromine,  and  iodine.  Fluorine  is 
closely  related  to  these  elements,  but  exhibits  many  anomalous 
characters.  They  are  all  gaseous  or  vajjorisable  substances,  which 
unite  readily  with  metals  and  with  hydrogen,  but  do  not  combine 
directly  with  oxygen,  and  their  known  compounds  with  that  element 
are  more  or  less  unstable.  Their  compounds  with  hydrogen  are 
very  characteristic  of  the  group,  being  all  colourless  fuming  gases, 
very  soluble  in  water,  having  an  acid  taste  and  acting  strongly  on 
metals  and  metallic  oxides.  These  gases  all  consist  of  equal  volumes 
of  the  gaseous  element  and  hydrogen  united  without  contraction. 

These  elements,  ranged  in  the  order  of  their  chemical  relations, 
exhibit  a  remarkable  connection  between  their  atomic  weights, 
bromine,  the  intermediate  element,  standing  almost  exactly  midway 
between  chlorine  and  iodine.    Thus  :— 

Atomic  Weight. 

Chlorine,  35  "4 

Bromine,  80 

Iodine,  127 

The  arithmetical  mean  of  the  atomic  weights  of  chlorine  and 
iodine  is 

On  account  of  the  occurrence  of  chlorine,  bromine  and  iodine  in 
the  salts  contained  in  sea-water,  the  elements  of  this  group  are  called 
halogen-elements,  and  their  metallic  compounds,  haloid 
c  0  m  p  0  u  u  d  s  .* 


CHLORINE. 

Symbol,  01.    Atomic  weight,  35'4.    Density,  35"4. 

Chlorine  is  a  greenish  yellow  gas  discovered  by  Scheele  in  1774. 
It  was  supi^osed  by  Lavoisier  to  contain  oxygen,  but  was  shown  by 
H.  Davy  to  be  a  simple  substance  incajiable  of  chemical  decomposi- 
tion, and  from  him  it  received  the  name  chlorine,  in  allusion  to  its 
colour  (xA-topuy)- 

i?.'C2;e7-ir?ic)t<.— Chlorine  is  most  easily  prepared  by  pouring  strong 
hydrochloric  acid  upon  finely  powdered  black  oxide  of  manganese 
(MnO;;)  contained  in  a  retort  or  flask  (fig.  56),  and  applying  a  gentle 

*  From  clXs,  f.,  the  sea  ;  d'Xs,  m.,  salt. 
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heat ;  the  chlorine  then  passes  over  in  the  form  of  a  heavy  yellow 
gas,  which  may  be  collected  over  warm  water,  or  by  displacement  of 
air  :  the  mercurial  trough  cannot  be  employed,  as  chlorine  rapidly 
acts  upon  the  metal,  and  is  absorbed. 

The  reaction  consists  in  the  formation  of  an  unstable  chloride  of 
manganese,  which  is  decomposed  by  heat.  AVater  is  also  formed, 
while  of  the  chlorine,  one-half  unites  with  the  manganese,  forming 
a  chloride,  MnClg,  and  the  other  half  is  given  off  as  gas  : 

MnO.,  +  4  HCl  =  MnCl^  +  2E.fi 

=  MnCl^  +    CI2  +  2H2O. 

The  same  process  is  used  for  the  preparation  of  chlorine  on  the 
manufacturing  scale,  the  hydrochloric  acid  which  is  evolved  in  large 
quantities  by  heating  common 

salt    with    sulphuric    acid,    in  I'is-  5ti- 

Leblanc's  soda-process,  being  util- 
ised for  the  ijurpose. 

A  process  for  obtaining  chlorine 
from  hydrochloric  acid,  without 
the  use  of  any  manganese  com- 
pound, was  introduced  by  the 
late  Mr  H.  Deacon.  It  consists 
in  passing  a  mixture  of  hydro- 
chloric acid  gas  and  oxygen,  or 
air,  over  cupric  sulphate  or  other 
cupric  salt  heated  to  370-400° 
C.  (698-752°  F.),  the  hydro- 
chloric acid  being  then  decom- 
posed, its  hydrogen  combining 
with  the  oxygen,  and  the  chlorine 
being  set  free.  The  best  way  of 
conducting  the  process  is  to  pass 
the  mixed  gases  over  pieces  of 
brick  soaked  in  solution  of  cupric 
sulphate  and  dried.  The  action 
of  the  copper  salt  is  not  well 
understood,  but  appears  to  belong  to  that  class  of  phenomena  called 
catalytic  or  contact  actions,  in  which  the  catalytic  agent  undergoes  a 
succession  of  changes,  though  finally  restored  to  its  original  condition. 
Other  metallic  salts  act  in  a  similar  way,  but  less  comjjletely. 

Another  process  which  has  even  found  a  place  among  manufac- 
turing operations  upon  a  large  scale,  is  based  upon  the  fact  that 
chloride  of  magnesium,  MgCl;,,  is  decomposed  when  heated  strongly 
in  a  current  of  air.  Oxygen  is  absorbed,  the  magnesium  converted 
into  the  oxide,  MgO,  ana  chlorine  liberated  in  the  gaseous  state. 
The  method,  so  far  as  at  present  adopted,  is  associated  with  the 
manufactirre  of  soda  by  the  ammonia  process,  and  with  the  production 
of  chlorates,  an  account  of  which  will  be  given  later  in  the  book. 
The  process,  which  now  seems  likely  to  take  an  important  posi- 
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tion,  if  not  to  displace  all  the  others  for  manufacturing  purposes,  is 
based  upon  the  decomposition  of  sodium  chloride  or  common  salt 
dissolved  in  water  by  current  electricity.  The  products  are  chlorine 
and  hydrogen  gases,  which  can  be  separately  collected,  and  caustic 
soda,  NaHO,  which  remains  in  solution.  The  process  is  already 
worked  upon  a  manufacturing  scale,  the  electric  current  being  pro- 
duced by  dynamo-machines,  often  driven  by  water  power,  and  the 
brine  operated  upon  can  be  pumped  direct  from  a  salt  mine. 

Chlorine  is  a  yellow  gaseous  body,  of  intolerably  suffocating  pro- 
perties, producing  very  violent  cough  and  irritation  when  inhaled, 
even  in  exceedingly  small  quantity.  It  is  soluble  to  a  considerable 
extent  in  water,  that  liquid  absorbing  at  15"5°  about  twice  its 
volume,  and  acquiring  the  colour  and  odour  of  the  gas.  When 
moist  chlorine  gas  is  exposed  to  a  temperature  of  0°,  yellow  crystals 
are  formed,  which  consist  of  a  definite  compound  of  clilorine  and 
water,  containing  35'4  parts  of  the  former  to  90  of  the  latter,  or 
CI2.IOH2O. 

Chlorine  has  a  density  of  2'45  (air  =  l);  a  litre  of  it  weighs 
3*167  grams  ;  exposed  to  a  pressure  of  about  four  atmospheres,  it 
condenses  to  a  yellow  limjaid  liquid.    It  is  now 
i'ig-  57.  commonly  sold  in  a  liquid  state  contained  in  steel 

cylinders  fitted  with  a  screw  tap,  by  which  it  may 
be  drawn  off  very  conveniently  for  laboratory  use. 
Figure  57  shows  one  of  these  vessels. 

Chlorine  has  but  little  attraction  for  oxygen, 
its  energies  being  principally  exerted  towards 
hydrogen  and  the  metals. 

Experiments. — Collect  several  jars  of  chlorine  by 
the  process  already  described.  1.  To  show  its 
combination  with  hydrogen  take  a  small  gas 
cylinder,  fill  it  with  water  in  the  pneumatic  trough, 
and  displace  exactly  half  the  water  by  hydrogen 
gas.  Then  displace  the  remainder  of  the  water  by 
chlorine.  Close  the  jar  by  a  glass  plate,  shake  it 
in  order  that  the  hydrogen  and  chlorine  may  be 
completely  mixed,  then  remove  the  plate  and 
apply  a  flame.  A  sharp  explosion  follows,  the 
colour  of  the  chlorine  disappears,  and  hydrogen 
chloride  gas,  recognisable  by  its  steamy  fumes,  is 
formed. 

2.  Attach  a  snuill  taper  to  a  wire,  light  it,  and 
lower  it  into  a  bottle  of  chlorine.  Much  black 
smoke  is  formed,  consisting  of  the  carbon  of  the  wax.  The  hydrogen 
unites  with  the  chlorine. 

3.  Further  to  illustrate  the  action  of  chlorine  upon  hydrogen  and 
its  inability  to  combine  directly  M'ith  carbon,  wet  a  strip  of  filter- 
paper  or  linen  with  turpentine  oil,  and  plunge  it  quickly  into  pure 
chlorine.  The  chemical  action  of  the  latter  is  so  violent  as  to  cause 
flame  accompanied  by  copious  deposit  of  soot. 
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Clilorine  has  so  strong  an  attraction  for  hydrogen,  that  it  is  even 
capable  of  decomposing  water,  liberating  oxygen.  If  a  bottle  or  jar 
filled  with  strong  chlorine  water,  and  inverted  into  a  dish  containing 
the  same  solution,  be  placed  in  a  jDosition  in  which  it  may  receive 
the  direct  rays  of  the  sun,  the  liquid  soon  loses  its  yellow  colour  and 
peculiar  odour,  and  becomes  capable  of  reddening  instead  of  bleach- 
ing litmus  paper,  at  the  same  time  a  small  quantity  of  gaseous 
oxygen  is  liberated.  The  latter  may  be  recognised  by  its  want  of 
colour  and  by  rekindling  a  splinter  of  wood,  the  tip  of  which  has 
been  ignited,  and  the  llame  extinguished,  leaving  only  a  spark. 
The  decomposition  may  be  expressed  by  the  equation — 

CI2  +  H2O  =  2HC1  +  0. 

The  same  change  may  be  effected  more  readily,  and  oxygen  obtained 
in  considerable  quantities,  by  transmitting  through  a  glass  or  porce- 
lain tube,  heated  to  bright  redness,  a  mixture  of  chlorine  and  vapour 
of  water. 

Ecqderiment. — The  very  characteristic  bleaching  action  of  chlorine 
depends  upon  its  attraction  for  hydrogen.  Wet  a  piece  of  blue 
litmus  paper,  or  cotton  print,  with  water,  and  place  it  in  contact  with 
chlorine.  It  is  almost  instantly  bleached.  The  presence  of  water 
is  essential,  for  the  gas  when  absolutely  dry  is  almost  destitute  of 
action. 

Chlorine  is  largely  used  in  the  arts  for  bleaching  linen  and  cotton 
goods,  rags  for  the  manufacture  of  paper,  etc.  For  these  purposes, 
it  is  employed  sometimes  in  the  state  of  gas,  sometimes  in  that  of 
aqueous  solution,  but  more  frequently  in  combination  with  lime, 
forming  the  substance  called  bleaching-powder.  It  is  also  one  of  the 
best  and  most  potent  substances  than  can  be  used  for  the  purpose  of 
disinfection,  but  its  employment  requires  care.  Bleaching-powder 
mixed  with  water,  and  exposed  in  shallow  vessels,  is  slowly  decom- 
posed by  the  carbonic  acid  of  the  air,  and  chlorine,  or  an  oxide  of 
chlorine,  is  evolved  :  if  a  more  rapid  disengagement  be  wished,  a 
little  acid  may  be  added.  In  the  absence  of  bleaching-powder,  the 
production  of  the  gas  may  be  effected  by  exposing  in  a  dish  a  mixture 
of  common  salt,  manganese  dioxide,  and  sulphuric  acid  diluted  with 
an  equal  bulk  of  water. 

The  action  of  chlorine  upon  metals  is  generally  very  vigorous,  the 
rate  of  action  being  increased  by  extending  the  surface  of  the  metal, 
as  when  very  thin  foil  or  fine  powder  is  used.  Many  metals  com- 
bine with  chlorine  in  several  proportions.  The  compounds  formed 
are  called  chlorides. 

Experiment. — Throw  into  a  flask  full  of  chlorine  a  little  powdered 
antimony.  The  metal  burns  with  a  whitish  flame,  and  on  cooling 
the  smoke  will  be  found  to  collect  on  the  sides  of  the  glass  in  the 
form  of  a  crystalline  deposit,  consisting  chiefly  of  the  chloride  SIjCIj. 


Hydrogen  Chloride,  or  Hydrochloric  Acid,  HCl  ;  formerly 
called  Muriatic  Acid. — This  substance,  in  the  state  of  solution  in 
VOL.  r.  (i 
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water,  hag  long  been  known.  The  gas  is  easily  prepared  by  heating 
a  mixture  of  common  salt  and  sulphuric  acid  ;  it  must  be  collected 
by  displacement,  or  over  mercury.  It  is  a  colourless  gas,  which 
fumes  sti'ungly  in  the  air  from  condensing  the  atmospheric  moisture; 
it  has  an  acid,  suffocating  odour,  but  is  much  less  offensive  than, 
chlorine.    Exposed  to  a  pressure  of  40  atmospheres,  it  liquefies. 

Hydrogen  chloride  acid  gas  has,  according  to  experiment,  a  density 
1"2'78  compared  with  air,  or  18*44  compared  with  hydrogen  as  unity, 

the  calculated  number  being  ^  =   18-2.    It  is  exceedingly 

soluble  in  water,  that  liquid  taking  up,  at  the  temperature  of  the 
air,  about  418  times  its  bulk.  The  gas  and  solution  are  powerfully 
acid. 

The  action  of  sulphuric  acid  on  common  salt  is  explained  by  the 
equations  which  follow. 

In  the  first  place,  supposing  an  excess  of  salt  to  be  used,  a  part  of 
it  is  converted  into  sodium  hydrogen  sulphate,  thus 

NaCl  +  H2SO4  =  HCl  +  NaHSO, . 

Subsequently,  on  tlie  application  of  heat,  tbis  acid  sulphate  decom- 
poses an  additional  quantity  of  salt  equal  to  the  first,  and  neutral 
sulphate  of  sodium  results, 

NaCl  +  NaHSOj  =  HCl  +  NajSO^. 

In  the  manufacture  of  sodium  sulphate,  called  "  salt-cake,"  these  two 
operations  are  quite  distinct.  On  the  small  scale  it  is  better  to  use 
a  slight  excess  of  sulphuric  acid,  so  that  the  residue  shall  consist  of 
the  more  fusible  and  soluble  acid  sulphate. 

Experiments. — Let  the  flask  used  in  making  chlorine  be  tboroughly 
cleansed.  Put  into  it  about  an  ounce  of  common  salt,  replace  the 
cork  with  the  funnel  and  conducting  tube,  and  arrange  a  dry  jar  as 
before.  Now  pour  slowly  through  the  funnel  about  a  fluid  ounce  of 
sulphuric  acid.  The  hydrogen  chloride  gas  is  at  once  evolved,  and 
may  be  led  into  jars  placed  successively  for  its  reception. 

1.  Having  collected  ajar  full  of  the  gas,  close  it  by  a  ground-glass 
plate,  and  place  the  moulh  beneath  the  surface  of  water  in  a  pneu- 
matic trouLjh.  On  removing  the  glass  plate  the  water  will  ascend 
rapidly,  and,  if  the  gas  were  quite  free  from  air,  would  fill  the  jar 
completely. 

2.  Apply  a  lighted  taper  to  a  jar  full  of  the  gas.  The  light  is 
extinguished,  and  the  gas  does  not  take  fire. 

3.  Hold  a  piece  of  blue  litmus  paper  in  the  gas.  It  is  immedi- 
ately reddened,  but  it  is  not  bleached,  even  when  left  for  some  time 
in  contact  witli  the  gas. 

4.  Prepare  a  saturated  solution  of  the  gas  in  the  following  man- 
ner : — To  the  flask,  filled  as  before,  attach  a  small  bottle  provided,  as 
shown  in  figure  58,  M'ith  a  conducting  tube,  by  which  the  gas  as  it 
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passes  from  the  generator  is  led  through  a  small  quantity  of  water, 
or  better,  of  ordinary  strong  liquid  hydrochloric  acid.  The  use  of 
this  is  to  arrest  particles  of  salt  or  of  sulphuric  acid  that  may 
accidentally    be  carried 

over.    From  this  washing  Fig.  53. 

bottle  the  gas  passes  into  j= 
some  distilled  water  con-  y 
tained  in  a  bottle,  which 
should  be  immersed  in  cold 
water.  If  2  ounces  of 
common  salt  are  taken 
with  twice  its  weight  of 
sulphuric  acid,  the  quan- 
tity of  water  used  for  dis- 
solving the  gas  should  not 
exceed  2  ounces. 

Pure  solution  of  hydro- 
chloric acid  is  transparent 
and  colourless ;  when 
strong  it  fumes  in  the  air 
by  evolving  a  little  gas. 

It  leaves  no  residue  on  evaporation,  and  gives  no  precipitate  or  opacity 
with  diluted  solution  of  barium  chloride.  When  saturated  with  the 
gas  at  15°,  it  has  a  density  of  1"21,  and  contains  about  42  per  cent, 
of  real  acid.  The  commercial  acid,  which  is  obtained  in  immense 
quantity  as  a  secondary  product  in  the  manufacture  of  sodium  sul- 
phate by  the  action  of  sulphuric  acid  upon  common  salt,  has  usually 
a  yellow  colour,  and  is  very  impure,  containing  salts,  sulphuric 
acid,  chloride  of  iron,  and  arsenic.  It  may  be  rendered  sufficiently 
pure  for  most  purposes  by  diluting  it  to  the  density  of  I'l,  which 
happens  when  the  strong  acid  is  mixed  with  its  own  bulk  or  rather 
less  of  water,  and  then  distilling  it  in  a  retort  furnished  with  a 
Liebig's  condenser. 

On  distilling  an  aqueous  solution  of  hydrochloric  acid,  an  acid  is 
produced  boiling  at  110°,  which  contains  20"22  per  cent,  of  anhydrous 
hydrogen  chloride  ;  a  more  concentrated  solution  when  heated  gives 
off  hydrogen  chloride  ;  a  weaker  solution  loses  water.  Roscoe  and 
Dittmar  have  proved  that  the  composition  of  the  distillate  varies 
with  the  atmospheric  pressure. 

A  crystalline  hydrate  of  hydrochloric  acid,  having  the  composi- 
tion HC1,2H20,  is  formed  by  passing  a  stream  of  nearly  dry  hydro- 
gen chloride  gas  through  the  concentrated  aqueous  acid  cooled  by  a 
freezing  mixture  to  -22°.  The  crystals  decompose  rapidly  in  the 
air,  emitting  white  fumes. 

The  composition  of  hydrogen  chloride  gas  may  be  proved  experi- 
mentally either  by  analysis  or  by  synthesis. 

In  order  to  demonstrate  the  proportion  of  hydrogen  in  the  gas, 
advantage  is  taken  of  the  action  of  the  metal  sodium,  which,  wlien 
dissolved  in  mercury  (forming  sodium  "  amalgam "),  is  still  capable 
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of  combining  with  the  chlorine  of  hydrogen  chloride,  liberating  the 
liydrogen.  The  operation  is  conducted  in  a  tube  of  the  form  repre- 
sented in  figure  59. 

One  end  of  the  tube  being  closed  and  the  other  open,  the  closed 
end  is  first  filled  with  dry  mercury.    Then  the  tap  at  the  side  being 

opened,  the  delivery-tube  of  a  small 
flask,  fitted  for  the  generation  of 
dry  hydrogen  chloride,  is  pushed 
down  into  the  mercury,  and  a  quan- 
tity of  gas  introtluced  into  the  tube 
so  as  to  displace  about  two-thirds 
of  the  mercury  from  the  sealed 
branch.  The  tap  is  then  closed, 
and  mercury  poured  into  the  open 
tube  till  it  stands,  as  shown  in  the 
figure,  at  the  same  height  on  both 
sides,  and  the  gas  is,  therefore,  under 
atmospheric  pressure.  The  level  of 
the  mercury  being  marked  oflt  by  a 
rubber  ring  or  strip  of  paper,  fluid 
sodium  amalgam,  free  fi-om  soda,  is 
poured  into  the  open  tube,  so  as 
completely  to  fill  it.  The  mouth  of 
the  tube  being  then  securely  closed 
by  the  thumb,  the  tube  is  inverted, 
so  that  the  gas  is  bi'ought  freeh' 
into  contact  with  the  sodium  amal- 
gam. After  being  shaken  for  a  few 
minutes,  the  whole  of  the  gas  is 
retrausferred  to  the  closed  brancli 
of  the  tube,  and  the  thumb  re- 
moved. The  level  of  the  mercury 
is  now  adjusted  as  bei'ore,  and  it 
will  be  observed  that  the  volume 
of  gas  (hydrogen)  which  remains  is  exactly  half  the  volume  of  the 
gas  (hydrogen  chloride)  operated  upon. 

In  order  to  demonstrate  the  fact  that  hydrogen  chloride  also  con- 
tains half  its  volume  of  chlorine,  the  following  method,  based  upon 
its  decomposition  by  electrolysis,  ma.y  be  adopted  : — The  experiment 
must  be  made  in  a  room  lighted  only  by  gas  or  candle.  A  small 
electrolytic  cell  may  he  constructed,  as  shown  in  the  figure,  by  fitting 
to  a  small  wide-mouthed  bottle  a  rubber  stopper,  through  which  pass 
two  sticks  of  hard  carbon  to  serve  as  electrodes,  and  a  tube  to  carry 
ofl'  the  gases.  The  bottle  is  filled  with  ordinary  strong  hydrochloric 
acid  solution,  and  the  current  from  three  or  four  Grove's  cells  is 
made  to  traverse  the  liquid.  The  gas  evolved  at  first  consists  chiefly 
of  hydrogen,  the  chlorine  remaining  dissolved  in  the  liquid.  But, 
after  about  ten  minutes,  the  liquid  becomes  saturated  with  chlorine, 
and  the  two  gases  are  evolved  together.    It  is  advisable  to  cause 
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the  gas  to  bubble  through  a  little  water  placed  in  a  small  bulb 
apparatus,  in  order  to  absorb  hydrogen  chloride  which  may  be 
given  off.  The  bottle  should  also  be  kept  cool,  by  placing  it  in  a 
dish  of  cold  water.  The  mixed  gases  may  now  be  conducted,  by 
means  of  short  rubber  connections,  through  two  tubes  successively, 
each  about  18  inches  long,  ^  inch  in  diameter,  and  drawn  out  at  the 
extremities.  When  it  is  judged  that  the  air  has  been  wholly  ex- 
pelled, of  which  an  indication  may  be  obtained  by  collecting  the 
gas  which  escapes  from  the  end  of  the  second  tube  and  observing  its 

rig.  60. 


colour,  both  tubes  are  detached,  and  their  ends  closed  by  means  of 
stoppers  or  caps  made  of  short  pieces  of  rubber  tubing. 

If,  now,  the  end  of  one  tube  be  dipped  into  water  to  which  a  little 
solution  of  potash,  coloured  blue  by  litmus,  is  added,  and  the  stopper 
removed,  the  liquid  will  slowly  rise  in  the  tube  till  one-half  of  the 
gas  has  been  absorbed,  and  the  liquid  which  enters  the  tube  becomes 
bleached.  The  gas  absorbed  is  chlorine,  the  residual  colourless  un- 
absorbed  gas  is  hydrogen,  and  may  be  recognised  by  its  inflam- 
mability. Now,  by  the  former  experiment,  it  was  shown  that  2 
volumes  of  hydrogen  chloride  gas  yield  1  volume  of  hydrogen. 
This  experiment  teaches  that  this  1  volume  of  hydrogen  is  accom- 
panied by  1  volume  of  chlorine.  The  two  elements,  therefore,  com- 
bine together  without  condensation  or  contraction. 

That  the  hydrogen  and  chlorine  unite  in  equal  volumes,  and  that 
the  resulting  hydrogen  chloride  occupies  the  same  space,  may  further 
be  shown  by  exposing  the  second  tube  to  daylight  for  a  short  time 
till  colourless.  It  will  then  be  found  upon  opening  the  end  under 
mercury,  that  no  gas  escapes,  neither  does  mercury  enter  ;  the  volume 
is  unchanged.  Tlie  resulting  gas  is,  of  course,  entirely  soluble  in 
water.  The  instantaneous  combination  of  the  two  may  be  effected 
by  exposing  the  tube  to  direct  sunlight  or  to  the  light  of  burning 
magnesium.  In  this  case  the  tube  must  be  strong  and  the  caps 
securely  wired  on,  so  as  to  resist  the  force  of  the  explosion. 
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BROMINE. 

Symbol,  Br.    Atomic  weight,  80.    Vapoiu'-density,  80. 

Bromine  *  was  discovered  by  Balard  in  1826.  It  is  found  in  sea- 
water,  and  is  a  frequent  constituent  of  saline  springs,  chiefly  as 
magnesium  bromide.  A  celebrated  spring  of  the  kind  exists  near 
Kreuznach,  in  Prussia.  It  is  also  obtained  from  the  mother  liquors 
of  the  salt  at  Stassfurth,  and  from  some  of  the  saline  lakes  in  the 
United  States. 

Bromine  is  obtained  by  the  following  process  : — The  mother-liquor, 
from  which  the  major  part  of  the  less  soluble  chlorides  and  sul- 
phates have  been  removed  by  evaporation  and  crystallisation,  is 
allowed  to  flow  down  a  stoneware  tower  filled  with  stoneware  balls, 
where  it  meets  a  stream  of  chlorine  gas  which  decomposes  the 
bromides  present,  liberating  bromine.  The  resulting  red  vapour  is 
condensed  by  passing  it  through  a  spiral  stoneware  pipe  surrounded 
by  cold  water.  The  crude  bromine  is  purified  by  distillation  from  a 
small  quantity  of  potassium  bromide,  which  exchanges  bromine  for 
any  small  quantities  of  chlorine  retained  by  the  liquid.  The  bromine 
passes  over,  in  the  form  of  a  deep  red  vapour,  together  with  water, 
and  may  be  purified  by  redistillation. 

Bromine  is  at  common  temiDcrature  a  thin  deep  red  very  volatile 
liquid,  which  freezes  at  about  -24-5°  and  boils  at  63°.  The  density 
of  the  liquid  is  2  •976,  and  that  of  the  vapour  5 '53  compared  with 
air,  and  80  compared  with  hydrogen.  The  odour  of  bromine  is 
very  suffocating  and  oftensive,  much  resembling  that  of  iodine,  but 
more  disagreeable.  It  is  slightly  soluble  in  water,  more  freely  in 
alcohol,  and  most  abundantly  in  ether.  The  aqueous  solution 
bleaches,  though  less  rapidly  than  that  of  chlorine. 

Hydrogen  Bromide,  or  Hydrobromic  Acid,  HBr. — This  com- 
pound is  obtained  as  a  colourless  fuming  gas,  together  with  phos- 
phoric acid,  by  the  action  of  water  on 
Fig.  61.  bromine  and  phosphorus:  P -f  5Br -I- 4H.,0 

=  5HBr  -I-  H2PO4.  The  action  of  bromine 
upon  phosphorus  is  very  violent,  and 
consequently  great  caution  must  be  exer- 
cised in  bringing  them  into  contact.  The 
preparation  of  hydrobromic  acid  gas  may 
be  readily  effected  on  a  small  scale  by 
the  arrangement  indicated  in  the  accom- 
panying figure. 

-^^^      ifc  'T-'  m^'      vy>  ''•rni  of  the  W-shajjed  tube  is  filled 

* --^^^s^^s^^'^^***''^'      with  broken  glass,  mixed  with  a  few 

small  pieces  of  phosphorus  moistened 
with  water,  and  is  fitted  with  a  tuoe  for  carrying  oft'  the  gas.  The 
other  arm  is  closed  by  a  cork  after  pouring  into  the  bend  1  or  2 

*  From  ftpii>ixo^,  a  noisome  smell. 


IODINE. 


103 


cubic  centimetres  of  bromine.  On  gently  warming  the  latter  the 
vapour  of  bromine  passes  through  the  phosphorus,  and  water  being 
present,  produces  hydrogen  bromide. 

Hydrogen  bromide  cannot  be  procured  free  from  bromine  by  the 
action  of  sulphuric  acid  upon  a  bromide,  in  consequence  of  the 
reduction  of  the  sulphuric  acid  by  the  hydrogen  bromide  produced. 
Thus— 

2HBr  +  H2SO4  =  Erg  +  2H2O  +  SOg. 

Phosphoric  acid  may,  however,  be  used. 

When  larger  quantities  of  hydrogen  bromide  are  required,  a  very 
convenient  method  consists  in  adding  1  molecular  i3roportion  of 
bromine,  Br,,,  drop  by  drop,  to  turpentine  oil,  CiqHjq,  contained  in 
a  flask,  and  then  applying  neat  to  the  product. 

Hydrogen  bromide  closely  resembles  hydrogen  chloride  in  com- 
position and  in  chemical  properties.  The  aqueous  acid  may  be 
prepared  by  passing  the  gas  into  water,  or  directly  by  passing 
hydrogen  sulphide  through  bromine  water,  SH2  +  Br2  =  2BrH  +  S. 
It  is  colourless,  has  a  pungent  odour,  an  acid  taste  and  reaction,  and 
when  saturated  at  0°,  a  density  of  1"78.  By  distillation  the  weak 
aqueous  acid  becomes  stronger  and  the  strong  acid  weaker,  till  an 
acid  containing  from  47 '38  to  49-86  per  cent.  HBr  passes  over,  under 
a  pressure  of  752  to  762  millimetres  of  mercury. 

Chlorine  and  Bromine. — When  chlorine  gas  is  passed  into  liquid 
bromine,  the  two  elements  combine,  forming  a  reddish-yellow  mobile, 
volatile  Uquiil,  BrCl,  which  dissolves  with  yellow  colour  in  water, 
the  solution,  when  cooled  below  0°,  depositing  a  crystalline  hydrate 
which  melts  at  +  7°. 


IODINE. 

Symbol,  I.    Atomic  weight,  127.    Vapour-density,  127. 

This  element  was  first  noticed  in  1812  by  Courtois,  a  saltpetre 
manufacturer  in  Paris.  Minute  traces  are  found  in  combination  with 
sodium  or  potassium  in  sea-water,  and  occasionally  a  much  larger 
proportion  in  the  water  of  certain  mineral  springs.  It  seems  to  be 
in  some  way  beneficial  to  inany  marine  plants,  as  these  latter  have 
the  power  of  abstracting  it  from  the  surrounding  water,  and  accumu- 
lating it  in  their  tissues.  It  is  from  this  source  that  all  the  iodine 
of  commerce  was  formerly  derived.  It  has  been  found  in  minute 
quantity  in  some  aluminous  slates  of  Sweden,  and  in  several  varieties 
of  coal  and  turf.  It  occurs  in  combination  with  silver  in  some  of 
the  Sotrth  American  and  Mexican  silver  ores.  It  is  also  found 
associated  with  some  kinds  of  rock  salt  and  in  the  sodium  nitrate 
of  Chili.  The  latter  now  forms  the  most  important  source  of  the 
iodine  of  commerce. 
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Kelp,  or  the  hall-vitrified  ashes  of  sea-weed,  was  formerly  made  by 
the  inhabitants  of  the  Western  Islands  and  the  northern  shores  of 
Scotland  and  Ireland  ;  but  the  production  of  kelp  is  now  much 
reduced.  A  solution  of  this  substance,  evaporated  to  a  small  volume, 
yields  sodium  chloride,  sodium  carbonate,  potassium  chloride,  and 
other  salts  which  are  removed  as  they  successively  crystallise.  The 
dark  brown  mother-liquor  left  contains  very  nearly  the  whole  of  the 
iodine,  as  iodide  of  sodium,  magnesium,  etc.  :  this  is  mixed  with 
sulphuric  acid  and  manganese  dioxide,  and  gently  heated  in  a  leaden 
retort,  when  the  iodine  distils  over  and  condenses  in  the  receiver. 
The  theory  of  the  operation  is  exactly  similar  to  that  of  the  pre- 
paration of  chlorine  ;  in  practice,  however,  it  requires  careful  man- 
agement, in  order  to  avoid  the  simultaneous  liberation  of  chlorine 
and  bromine. 

MnOa  -t-  2KI  +  2H2SO4  =  2H2O  -f-  K2SO4  -f  MnSO^  +  l^. 

The  manganese  is  not  absolutely  necessary  :  potassium  or  sodium 
iodide,  heated  with  an  excess  of  sulphuric  acid,  evolves  iodine.  This 
effect  is  due  to  a  secondary  action  between  the  hydriodic  acid  first 
produced  and  the  excess  of  the  sulphuric  acid,  in  which  both  suffer 
decomposition,  yielding  iodine,  water,  and  sulphurous  acid. 

The  extraction  of  iodine  from  caliche,  the  crude  sodium  nitrate  of 
Peru  and  Chili,  involves  the  employment  of  difi"erent  agents,  because 
the  element  exists  in  this  substance,  not  in  the  form  of  an  iodide,  but 
as  an  oxidised  compound,  an  iodate.  After  the  sodium  nitrate  has 
been  dissolved  in  water,  and  the  solution  concentrated  so  as  to  cause 
the  crystallisation  of  the  nitrate,  the  mother-liquors  retaining  the 
iodate  are  mixed  with  an  acid  solution  of  sodium  sulphite  which 
precipitates  the  iodine — 

Na^IgOu  +  SNaHSOg  +  SNaaSOg  =  I2  +  SNa^SO^  +  HoO . 

The  product  from  either  source  is  purified  by  sublimation,  either 
alone  or  mixed  with  a  little  potassium  iodide,  which  retains  any 
adhering  chlorine  or  bromine. 

Iodine  crystallises  in  plates  or  scales  of  a  bluish-black  colour  and 
imperfect  metallic  lustre  resembling  that  of  graphite ;  the  crystals 
are  sometimes  very  large  and  brilliant.  Its  density  is  4'948.  It 
melts  between  113°  and  115°,  solidifies  at  113"6°,  and  boils  above  200°, 
the  vapour  having  a  beautiful  violet  colour.*  It  is  slowly  volatile 
also  at  common  temperatures,  and  exhales  an  odour  resembling  that 
of  chlorine.  The  density  of  the  vajjour  is,  by  experiment,  8"716 
compared  with  air,  or  125"8  compared  with  hydrogen,  the  theoretical 
density  being  126'53.  At  temperatures  much  above  700°,  that  is,  at 
a  bright-red  heat,  the  density  lias  been  found  to  be  considerably  less. 
Iodine  is  almost  insoluble  in  water  ;  in  alcohol  it  is  much  more 
freely  soluble.  Solutions  of  hydriodic  acid  and  the  iodides  of  the 
alkali-metals  also  dissolve  it  in  large  quantity  :  these  solutions 
possess  a  brown  colour.    Carbon  disulpliide,  chloroform,  and  benzene 

*  Wlicnce  the  name,  from  l(u5i;9,  violet-coloiu'cd. 
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also  dissolve  iodine  freely,  producing  liquids  of  a  violet  or  red  colour, 
especially  when  dilute. 

Iodine  stains  the  skin,  but  not  permanently  ;  it  has  a  very  ener- 
getic action  upon  the  animal  system,  and  is  much  used  in  medicine. 

One  of  the  most  characteristic  properties  of  iodine  is  the  produc- 
tion of  a  splendid  blue  substance  by  contact  with  starch.  The  iodine 
for  this  purpose  must  be  free  or  uncombined.  It  is  easy,  however,  to 
make  the  test  available  for  the  purpose  of  recognising  the  presence 
of  the  element  in  question  when  a  soluble  iodide  is  suspected  ;  it  is 
only  necessary  to  add  a  very  small  quantity  of  chlorine  water,  when 
the  iodine,  being  displaced  from  combination,  becomes  capable  of 
acting  upon  the  starch. 

Experiments. — 1.  Place  about  a  quarter  of  an  ounce  of  iodide  of 
potassium  in  a  small  glass  retort,  add  an  equal  weight  of  manganese 
dioxide  and  then  sufficient  dilate  sulphuric  acid  to  cover  the  powder. 
Apply  a  gentle  heat  and  collect  the  vapour  which  is  evolved  in  a  small 
flask  into  the  mouth  of  which  the  neck  of  the  retort  may  be  inserted. 
Observe  the  purple  colour  of  the  vapour  and  the  black  crystals  which 
result  from  its  condensation. 

2.  Place  a  crystal  of  iodine  in  a  test-tube  and  cover  it  with  water. 
Shake  it,  and  observe  that  the  iodine  does  not  dissolve  and  the  water 
is  scarcely  tinged.  Now  drop  into  the  water  a  crystal  of  iodide  of 
potassium,  and  leave  the  whole  at  rest  for  a  few  minutes.  A  deep 
brown  solution  of  potassium  tri-iodide  forms  at  the  bottom,  and  on 
shaking  up  mixes  with  the  rest  of  the  water. 

3.  Take  a  pinch  of  white  starch,  shake  it  np  with  a  teaspoonful 
of  cold  water,  then  pour  upon  it  a  test-tubeful  of  boiling  water.  Boil 
the  mixture  for  a  few  minutes  and  let  it  cool.  To  a  portion  of  this 
contained  in  a  test-tube  add  one  drop  of  the  solution  made  in  experi- 
ment 2.  An  intensely  deep  blue  liquid  and  precipitate  result.  To 
another  portion  of  starch  liquor  add  a  drop  of  solution  of  potassium 
iodide.  No  colour  results.  Now  add  a  drop  of  chlorine  water  or  of 
bromine  water.  The  blue  colour  indicating  free  iodine  is  at  once 
developed. 

Iodine,  in  the  presence  of  water,  acts  in  some  cases  as  an  oxidising 
agent,  but  its  powers  in  this  respect  are  greatly  inferior  to  those  of 
chlorine  and  bromine,  and  consequently  it  has  scarcely  any  bleaching 
action  upon  organic  colouring  matters. 

Hydrogen  Iodide,  or  Hydriodic  Acid,  HI.— The  simplest  pro- 
cess for  preparing  hydrogen  iodide  gas  is  to  introduce  into  a  small 
flask  a  few  grams  of  red  phosphorus  with  sufficient  water  to  cover  it. 
Iodine  is  added  in  portions  of  about  half  a  gram,  allowing  time  for  the 
reaction  to  become  complete  before  adding  more.  When  the  liquid 
begins  to  emit  colourless  fumes,  the  flask  may  be  attached  to  a  small 
U-shaped  tube  (see  flg.  G2)  containing  a  little  red  phosphorus,  through 
which  the  gas  evolved  on  application  of  heat  to  the  flask  is  made  to 
pass.  The  gas  is  very  dense,  and  may  be  collected  in  dry  bottles  by 
displacement  of  air. 
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Hydrogen  iodide  gas  resembles  the  corresponding  chlorine  com- 
pound ;  it  is  colourless,  and  highly  acid,  fumes  in  the  air,  and  is  very 
soluble  in  water.  Its  density  is  4'3737  compared  with  air,  or  64  com- 
pared with  hydrogen.    By  weight,  it  is  composed  of  127  parts  iodine 

and  1  part  hydrogen;  and 
by  measure  of  equal 
volumes  of  iodine  vapour 
and  hydrogen  united 
without  condensation. 
Hydrogen  iodide  differs 
from  both  hydrogen 
chloride  and  bromide  in 
the  fact  that  it  is  very 
easily  decomposed  by 
heat.  On  plunging  a 
heated  wire  into  a  jar 
full  of  the  gas,  purple 
fumes  of  iodine  are  im- 
mediately produced. 

Solution  of  hydriodic 
acid,  if  not  required  very 
strong,  may  be  prepared  by  a  process  much  less  troublesome  than  the 
above.  Iodine  in  fine  powder  is  suspended  in  water,  and  a  stream  of 
washed  hydrogen  suljahide  is  passed  through  the  mixture  ;  sulphur 
is  then  deposited,  and  the  iodine  is  converted  into  hydrogen  iodide. 
The  action  ceases  when  the  resulting  solution  acquires  a  density  of 
1"56,  and  contains  about  48  per  cent,  of  hydrogen  iodide.  When 
the  liquid  has  become  colourless,  it  is  heated,  to  expel  the  excess  of 
hydrogen  sulphide,  and  filtered.  The  solution  cannot  be  kept  long, 
unless  protected  from  the  air,  as  the  oxygen  gradually  decomposes 
the  hydrogen  iodide,  and  iodine  is  set  free,  which,  dissolving  in 
the  remainder,  colours  it  brown. 

Iodine  and  Chlorine.— These  bodies  unite  directly,  forming  a 
monochloride  and  a  trichloride.  The  monochloride,  ICl,  is  obtained 
by  passing  dry  chlorine  gas  over  iodine  till  the  whole  is  liquefied, 
but  no  longer. 

Iodine  monochloride  is  a  dense  reddish-brown  licjuid,  which  slowly 
solidifies  in  black  crystals  which  melt  at  24°  and  boil  at  101°; 
soluble  in  alcohol  and  ether ;  decomposed  by  water,  with  formation 
of  hydrochloric  and  iodic  acids,  and  separation  of  iodine.  Sul- 
phurous acid  and  hydrogen  sulphide  decompose  it  with  seijaration  of 
iodine  ;  with  aqueous  solutions  of  alkalis,  it  yields  a  chloride  and  an 
iodate,  together  with  free  iodine  ;  thus,  with  potash — 

5IC1  +  6KH0  =  5KC1  +  KIO.,  +  3H.,0  +  2l^. 

The  trichloride,  ICI3,  is  produced  by  treating  iodine  at  a  gentle 
heat  with  chlorine  in  excess.     It  crystallises  in  orange-yellow 


Fig.  G2. 
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needles;  melts  at  20°  to  25°,  giving  off  chlorine,  which  it  reabsorbs 
on  cooling  ;  acts  on  most  other  substances  like  the  monochloride. 

In  contact  with  a  small  quantity  of  water  it  is  partly  resolved 
into  iodic  acid,  hydrochloric  acid,  and  the  monochloride — 

2ICI3  +  3H2O  =  5HC1  +  ICl  +  HIO3. 

A  large  quantity  of  water  dissolves  it,  probably  as  a  mixture  of 
hydrochloric  and  iodic  acids  containing  free  iodine — 

5ICI3  +  9H2O  =  15HC1  +  3HIO3  +  I2. 

Iodine  and  Bromine. — Iodine  unites  with  bromine,  forming  a 
volatile  crystalline  compound,  IBr,  and  a  dark  liquid,  probably  IBr^. 

Iodine  and  Fluorine. — The  pentafluoride  IF5  is  described  as  a 
colourless,  fuming  liquid. 


FLUORINE. 

Symbol,  F.    Atomic  weight,  19.    Density,  19. 

This  element  exists  in  considerable  quantity,  in  combination 
with  calcium,  forming  the  mineral  called  f  1  u  0  r  s  p  a  r,  CaF.^,  which 
crystallises  in  fine  cubes  of  various  colours,  and  with  sodium  and 
aluminium  in  the  mineral  cryolite,  Na3AlFy.    Fluorine  occurs  also  in 

Fig.  63. 


.small  quantity  as  a  constituent  of  bones  and  other  animal  substance!?. 
Its  intense  affinities  for  metals  and  for  silicon,  which  is  a  constituent 
of  glass,  have  baffled  many  attempts  to  obtain  it  in  a  state  fit  for 
examination,  l)ut,  in  188G,  it  was  at  last  deiinitely  isolated  by 
Moissan.  His  process  consists  in  first  preparing  pure  anhydrous 
hydrogen  fluoride  by  the  action  of  heat  upon  the  double  fiuorido 
KF.HF.  This  salt,  thoroughly  dried,  is  placed  in  a  platinum 
alembic  connected  with  a  bent  tube  surrounded  by  ice  (see  lig.  63)  ; 
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on  applying  heat  the  salt  is  decomposed  ;  hydrogen  fluoride  distils 
over,  and  potas.?iuni  fluoride  remains  behind.  The  liquid  thus  ob- 
tained boils  at  19'5°  and  is  very  corrosive,  and,  on  this  account,  danger- 
ous.   When  quite  free  from  water  it  resists  the  passage  of  an  electric 

current,  but  if  a  small 
quantity  of  potas.sium 
fluoride  is  added  it 
yields  hydrogen  and 
fluorine.  The  experi- 
ment is  conducted  in  a 
tube  of  platinum  with 
stoi^pers  of  fluorspar 
(fig.  64),  the  electrodes 
being  formed  of  rods  of 
platinum  alloyed  with 
iridium.  The  liquid 
during  the  passage  of 
the  current  becomes 
much  heated,  and  the 
tube  must  be  sur- 
rounded by  a  cooling 
agent,  the  most  con- 
venient being  methyl 
chloride,  which  boils  at 
-27°. 

Figure  65  shows  the 
disposition  of  the  ap- 
paratus. On  leaving 
the  U-tube,  the  gaseous 
fluorine  passes  first  through  a  spiral  platinum  tube,  also  cooled  by 
methyl  chloride,  and  then  through  one  or  two  platinum  tubes 
charged  with  pieces  of  fused  sodium  fluoride  ;  the  object  of  both 
being  to  remove  any  accompanying  hydrogen  fluoride.  A  supply  of 
the  liquid  methyl  chloride  used  as  a  refrigerating  agent  is  contained 
in  the  copper  or  steel  cylinder  shown  at  the  back.  Hydrogen  gas 
escapes  from  the  other  branch  of  the  U-tube. 

Fluorine  is  a  pale  green  gas,  which  has  a  very  powerful  action 
upon  nearly  all  substances.  Crystallised  silicon  and  boron  ignite  in 
it,  forming  gaseous  fluorides.  Arsenic,  antimony,  sulphur,  iodine, 
also  burn,  but  metals  are  less  i-eadily  attacked,  owing  probably  to 
the  formation  of  a  protecting  crust  of  solid  fluoride.  Fluorine  mixed 
with  hydrogen  detonates  violently,  and  it  decomposes  water,  forming 
hydrofluoric  acid  and  ozone.  It  also  decomposes  chlorides  such  as 
common  salt,  liberating  chlorine.  Organic  bodies  such  as  cork, 
alcohol,  and  oils,  are  violently  attacked  and  inflamed. 

Hydrogen  riuoride,  or  Hydrofluoric  Acid,  HF. — When  pow- 
dered calcium  fluoride  is  heated  with  concentrated  sulphuric  acid 
in  a  retort  of  platinum  or  lead  connected  with  a  carefully  cooled 
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receiver  of  the  same  metal,  a  very  volatile  colourless  liquid  is  ob- 
tained, which  emits  copious  white  and  highly  sutfocatiug  fumes  in 
the  air.  This  is  the  anhydrous  acid,  not  however  quite  pure.  It  may 
be  obtained  in  a  state  of  perfect  purity  by  distillinghydrogeu-potassium 
fluoride,  HF,KF,  by  heating  the  salt  in  a  platinum  retort,  the 
condenser  of  which  is  surrounded  by  a  I'reezing  mixture  of  ice  and 
salt,  or  ice  and  calcium  chloride,  which  gives  a  temperature  of  -  25°, 
the  receiver  being  immersed  in  a  similar  mixture,  as  already  shown  in 
figure  63.  As  thus  prepared,  it  is  at  ordinary  temperatures  a  colour- 
less, transparent,  mooile  liquid,  having  a  density  of  0"9879  at  12-8°, 


Fig,  b'5. 


extremely  volatile,  boiling  at  19'4°,  fuming  densely  at  ordinary  tem- 
peratures, and  absorbing  water  greedily  from  the  air. 

Gore  showed,  that  when  anhydrous  fluoride  of  silver  is  heated  with 
hydrogen,  1  volume  of  the  gas  in  uniting  with  fluorine  produces 
approximately  2  volumes  of  hydrogen  fluoride,  if  measured  at  about 
100°  C,  though  the  volume  was  considerably  less  at  lower  tempera- 
tures. Mallet  and  Thorpe  at  diflerent  times  have  also  determined  the 
density  of  the  vapour  of  hydrogen  fluoride,  and  have  shown  that  at 
temperatures  not  much  above  its  boiling  point,  the  density  exceeds 
the  value  required  by  the  formula  HF.  But  according  to  Thorpe, 
the  vapour  attains  the  normal  density  10,  corresponding  to  the  mole- 
cular weight  20=1 4-19,  at  about  88°  under  normal  pressure. 

When  hydrogen  fluoride  is  put  into  water,  it  unites  with  the  latter 
with  great  violence  ;  the  dilute  solution  attacks  glass  very  easily, 
though,  according  to  Gore,  the  dry  acid  has  no  action  iipon  glass. 
The  concentrated  acid,  dropped  upon  the  sldn,  occasions  deep  malig- 
nant ulcers,  so  that  great  care  is  requisite  in  its  management. 
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In  a  diluted  state,  this  acid  is  occasionally  used  in  the  analysis 
of  siliceous  minerals,  when  alkali  is  to  be  estimated.  It  is  employed 
also  for  etching  on  glass,  for  which  purpose  the  acid  may  be  pre- 
pared in  vessels  of  lead,  that  metal  being  but  slowly  attacked  under 
these  circumstances.  The  vapour  of  the  acid  is  also  very  advan- 
tageously applied  to  the  same  purpose  in  the  following  manner : — 
The  glass  to  be  engraved  is  coated  with  etching-ground  or  wax,  and 
the  design  traced  in  the  usual  way  with  a  pointed  instrument,  or 
by  a  stencil  plate.  A  shallow  basin,  made  by  beating  up  a  piece  of 
sheet-lead,  is  then  prepared,  a  little  powdered  fluorspar  placed  in  it, 
and  enough  sulphuric  acid  added  to  form  with  the  latter  a  thin 
paste.  The  glass  is  placed  upon  the  basin,  with  the  waxed  side  down- 
wards, and  gentle  heat  applied  beneath,  which  speedily  disengages 
the  vapour  of  hydrofluoric  acid.  In  a  very  few  minutes  the  opera- 
tion is  couiplete  ;  the  glass  is  then  removed,  and  cleaned  by  a  little 
warm  oil  of  turpentine.  When  the  experiment  is  successful,  the 
lines  are  very  clean  and  smooth. 


Formula.  Hydrogen. 

C'liloriiie. 

Oxygen. 

.   HCIO  1 

-f- 

35-4 

16 

.  HCIO,  1 

4- 

35-4 

+ 

32 

.  HClO;  1 

+ 

.35-4 

+ 

48 

.  HCIO4  1 

+ 

35-4 

+ 

64 

OXIDES  AND  OXY-ACIDS  OF  CHLORINE. 

There  are  four  oxyacids  of  chlorine,  the  composition  of  which  is 
as  follows : — 

Composition  by  weight. 

Formula.  Hydi'oge 

Hypoclilorous  acid, 
Chlorous  acid,  . 
Chloric  acid, 
Perchloric  acid, . 

The  following  anhydrous  oxides  are  also  known  : — 

Chlorine.  Oxygen. 
Chlorine  monoxide,   or   Hypochlorous  )  . 

oxide,  C1„0  i        "^^  *  + 

Chlorine  peroxide,  CIO2       ...  35-4       +  32 

The  oxides  corresijonding  with  chloric  and  perchloric  acid  have 
not  been  obtained. 

Hypochlorous  and  chloric  acids  are  produced  by  the  action  of 
chlorine  on  certain  metallic  oxides  in  presence  of  water  ;  hypo- 
chlorous and  chlorous  acids  also  by  direct  oxidation  of  hydrochloric 
acid.  Perchloric  acid  and  chlorine  jiero-xide  result  from  the  decom- 
position of  chloric  acid. 

Hypochlorous  Oxide,  Acid,  and  Salts. — The  oxide  is  best  pre- 
pared by  the  action  of  chlorine  gas  upon  dry  mercuric  oxide.  This 
oxide,  jDrepared  by  precipitation,  and  dried  by  exposure  to  a  strong 
heat,  is  introduced  into  a  glass  tube  kept  cool,  and  well-washed  dry 
chlorine  gas  is  slowly  passed  over  it.  Mercuric  chloride  (HgCl2) 
and  hypochlorous  oxide  are  thereby  formed  ;  the  latter  is  collected 
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by  displacement  of  air.  The  reaction  by  which  it  is  produced  is 
represented  by  the  equation, 

HgO  +  2CI2  =  G\^0  +  HgCla. 

The  mercuric  chloride,  however,  combines  with  another  portion 
of  the  o.\ide  when  the  latter  is  in  excess,  forming  a  peculiar  brown 
compound,  an  oxychloride  of  mercury,  HgCl2,HgO.  The  crystalline 
mercuric  oxide  prepared  by  calcining  the  nitrate,  or  by  the  direct 
oxidation  of  the  metal,  is  scarcely  acted  upon  by  chlorine  under  the 
circumstances  described. 

Hypochlorous  oxide  is  a  pale  yellow  gaseous  body  of  peculiar  odour, 
containing,  in  every  two  measures,  two  measures  of  chlorine  and  one 
of  oxygen,  and  is  therefore  analogous  in  constitution  to  water.  The 
gas  condenses  by  cold  to  a  red  liquid  which  boils  at  about  - 17°. 
Both  the  gas  and  the  liquid  are  violently  explosible  by  lieat,  or  even, 
in  the  case  of  the  liquid,  upon  agitation. 

Hypochlorous  acid  is  formed  by  the  solution  of  hypochlorous  oxide 
in  water,  but  is  more  conveniently  produced  by  decomposing  a 
metallic  hypochlorite  with  carbonic  acid.  It  is  also  readily  made 
by  passing  chlorine  gas  into  water  holding  mercuric  oxide  or  calcium 
carbonate  (chalk),  CaC03,  in  suspension.  The  products  in  the  latter 
case  are  carbon  dioxide,  calcium  chloride,  and  hypochlorous  acid  : 

CaCOj  +  H2O  +  2CI2  =  CO2  +  CaClg  +  2HC10. 

The  aqueous  solution  of  hypochlorous  acid  has  a  yellowish 
colour,  an  acid  taste,  and  a  characteristic  sweetish  smell.  The 
strong  acid  decomposes  rapidly  even  when  kept  in  ice.  The  dilute 
acid  is  more  stable,  but  is  decomposed  by  long  boiling  into  chloric 
acid,  water,  chlorine,  and  oxygen.  Hydrochloric  acid  decomposes 
it,  with  formation  of  chlorine  : 

HCIO  +  HCl  =  HoO  +  CI.. 

It  is  a  very  powerful  bleaching  and  oxidising  agent,  converting 
many  of  the  elements — iodine,  selenion,  and  arsenic,  for  example — 
into  their  highest  oxides,  and  at  the  same  time  liberating  chlorine. 

Metallic  hypochlorites  may  be  obtained  in  the  pure  state  by  neu- 
tralising hypochlorous  acid  with  metallic  hydroxides,  such  as  those 
of  sodium,  calcium,  copper,  etc. ;  but  they  are  usually  prepared  by 
passing  chlorine  gas  into  cold  solutions  of  alkalis  or  alkaline  carbon- 
ates, or  over  the  dry  hydroxides  of  the  earth-metals.  In  this  process 
a  metallic  chloride  is  formed  at  the  same  time.  With  dry  slaked 
lime,  for  example,  which  is  a  hydroxide  of  calcium,  CaHjOg,  the 
products  are  calcium  hypochlorite,  CaClgOg,  calcium  chloride,  and 
water  : 

2CaH202  +  2CI2  =  CaClgOa  -f-  CaClg  -I-  2H2O . 

The  salts  thus  obtained  constitute  the  bleaching  and  disinfecting 
salts  of  commerce.  They  will  be  more  fully  described  under  the 
head  of  Calcium  Salts. 
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Chlorous  Acid,  HClOg,  and  Chlorites.— Wliea  chlorine  per- 
oxide is  disi5olvecl  in  water,  the  solution  is  supposed  to  contain 
chlorous  and  chloric  acids.  Similarly  when  the  peroxide  is  absorbed 
by  an  alkaline  solution,  a  chlorite  and  chlorate  are  said  to  be  formed. 
The  chlorites  are,  however,  very  unstable  substances,  and  have  been 
very  impei'tectly  investigated. 

Chlorine  Peroxide,  CIO2. — AVhen  potassium  chlorate  is  made 
into  a  paste  with  concentrated  sulphuric  acid,  and  cooled,  and  this 
paste  is  very  cautiously  heated  by  warm  water  in  a  small  glass 
retort,  this  compound,  in  the  form  of  a  deep  yellow  gas,  is  evolved. 
It  can  be  collected  only  by  displacement,  since  mercury  decomposes 
and  water  absorbs  it. 

Chlorine  peroxide  has  a  powerful  odour,  quite  different  from  that 
of  the  preceding  compounds,  and  of  chlorine  itself.  The  gas  is  also 
exceedingly  explosive,  being  resolved  with  violence  into  its  elements 
by  a  temperature  short  of  the  boiling  point  of  water.  Its  preparation 
is,  therefore,  always  attended  with  danger,  and  should  be  performed 
only  on  a  small  scale.  It  is  composed  by  measure  of  1  volume  of 
chlorine  and  2  volumes  of  oxygen,  condensed  into  2  volumes. 
The  gas  is  condensable  by  cold  to  a  reddish  liquid  which  boils  at 
about  10°,  and  is  fearfully  explosive.  Its  vapour-density  at  10"7° 
and  718  mm.  is  34'5.  Hence  its  molecular  formula  is  ClO^.  The 
solution  of  the  gas  in  water  bleaches. 

The  cuchlorine  of  Davy,  prepared  by  gently  heating  potassium 
chlorate  with  hydrochloric  acid,  is  a  mixture  of  chlorine  peroxide  and 
free  chlorine.  This  mixture,  which  forms  a  very  powerful  oxidising 
agent,  is  often  used  in  analysis. 

The  production  of  chlorine  peroxide  from  potassium  chlorate  and 
sulphuric  acid  depends  upon  the  spontaneous  splitting  of  the  chloric 
acid  into  chlorine  peroxide  and  perchloric  acid,  which  latter  remains 
as  a  potassium  salt. 

6KCIO3  +  3H2SO4  =  4CIO2  +  2HCIO4  +  3K2SO4  +  2H2O. 
■potassium      Hydrogen       Chloric       Hydrogeu      Potassium  w.>t€r 
chlorate.       sulphate.        oxide.       perclilorate.     sulphate.  ' 

When  a  mixture  of  potassium  chlorate  and  sugar  is  touched  with 
a  drop  of  oil  of  vitriol,  it  is  instantly  set  on  fire,  the  chlorine 
tetroxide  disengaged  being  decomposed  by  the  combustible  substance 
with  such  violence  as  to  cause  ignition.  If  crystals  of  potassium 
chlorate  be  thrown  into  a  glass  of  water,  a  few  small  fragments  of 
phosphorus  added,  and  then  oil  of  vitriol  poured  down  a  narrow 
funnel  reaching  to  the  bottom  of  the  glass,  the  phosphorus  will  burn 
beneath  the  surface  of  the  water,  by  the  assistance  of  the  oxygen  of 
the  chlorine  peroxide  disengaged.  The  liquid  at  the  same  time 
becomes  yellow,  and  acquires  the  odour  of  tiiat  gas. 

Chloric  Acid,  HClOj. — This  is  the  most  important  compound  of 
the  series.  When  chlorine  is  passed  to  saturation  into  a  moderately 
strong  hot  solution  of  potassium  hydroxide  or  carbonate,  and  the 
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liquid  concentrated  by  evaporation,  it  yields,  on  cooling,  thin  pris- 
matic crystals  of  a  colourless  salt,  consisting  of  potassium  chlorate. 
The  mother-liquor  contains  potassium  chloride  : 

6KH0  4-  3CI2  =  5KC1  +  KCIO3  +  3H2O. 

Potassium     />i,i„,.i.,o    Potassium    Potassium  wnfo.- 
hydroxide,    ^'"oiine.    giiiori^g,  chlorate. 

From  potassium  chlorate,  chloric  acid  may  be  obtained  by  boiling 
the  salt  with  a  solution  of  hydrofluosilicic  acid,  whicli  forms  an 
almost  insoluble  potassium  salt,  decanting  the  clear  liquid,  and 
digesting  it  with  a  little  silica,  which  removes  the  excess  of  the 
hydrofluosilicic  acid.  Or  barium  chlorate  dissolved  in  water  is  mixed 
with  exactly  sufficient  dilute  sulphuric  acid  to  precipitate  the  whole 
of  the  barium.  The  liquid  may  be  poured  oBt'  clear  after  subsidence 
of  the  j^recipitated  barium  sulphate. 

Ba(C103)2  +  H2SO4  =  BaSOi  +  2HCIO3. 

Filtration  tb  rough  paper  must  be  avoided. 

By  cautious  evaporation,  the  acid  may  be  so  far  concentrated  as 
to  assume  a  syrupy  consistence  ;  it  is  then  very  easily  decomposed. 
It  sometimes  sets  tire  to  paper,  or  other  dry  organic  matter,  in  con- 
sequence of  the  facility  with  which  it  is  deoxidised  by  combustible 
bodies. 

The  chlorates  are  easily  recognised  ;  they  give  no  precipitate  when 
in  solution  with  silver  nitrate  ;  they  evolve  j)ure  oxygen  when 
heated,  passing  thereby  into  chlorides  :  and  they  afford  when  treated 
with  sulphuric  acid,  the  characteristic  explosive  yellow  gas  already 
described.    The  dilute  solution  of  the  acid  has  no  bleaching  power. 

The  most  important  chlorate  is  the  potassium  salt  which  will  be 
described  in  connection  with  that  metal. 

Perchloric  Acid,  HCIO4. — Potassium  perchlorate  is  easily  pre- 
pared by  heating  potassium  chlorate  to  fusion  until  the  melted  salt 
begins  to  become  pasty.  On  dissolving  the  solidified  mass  in  boiling 
water,  and  allowing  the  solution  to  cool,  the  perchlorate  is  deposited 
in  granular  crystals,  whilst  potassium  chloride  remains  in  solution, 

(x  -I-  yXKClOg)  =  xKClO,  -f  yKCl  -1-  (3y  -  x)0. 

Perchloric  acid  is  obtained  by  distilling  potassium  perchlorate 
with  sulphuric  acid.  Pure  perchloric  acid  is  a  colourless  liquid,  of 
density  r782  at  15'5°,  not  solidifying  at  —35°;  it  soon  becomes 
coloured  from  liberation  of  chlorine.  The  vapour  of  percldoric  acid 
is  transparent  and  colourless ;  in  contact  with  moist  air  it  ]>rodnces 
dense  white  fumes.  The  acid,  when  cautiously  mixed  with  a  small 
quantity  of  water,  solidifies  to  a  crystalline  mass,  which  is  a  com- 
pound of  perchloric  acid  with  one  molecule  of  water,  HClO.j-FHgO. 
When  brought  into  contact  with  carbon,  ethei',  or  other  inflammable 
substances,  perchloric  acid  explodes  with  great  violence. 

VOL.  I.  H 
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OXY-ACIDS  OF  BROMINE. 

Hypobromous  Acid,  HBrO,  is  formed  by  agitating  bromine- 
water  with  mercuric  oxide,  according  to  the  equation  : 

HgO  +  2Br2  +  H.p  =  HgBr^  +  2H0Br. 

The  greater  part  of  the  hypobromous  acid  contained  in  the  result- 
ing solution  is  resolved  on  distillation  into  bromine  and  oxygen,  but 
the  acid  may  be  distilled  in  a  vacuum  at  40°,  without  decomposition. 
Aqueous  hypobromous  acid  is  a  light  straw-yellow  liquid,  which 
resembles  hypochlorous  acid  in  its  properties,  is  a  powerful  oxidising 
agent,  and  bleaches  vegetable  colours. 

Hypobromites  are  formed  by  adding  bromine  to  solutions  of  alkali 
or  of  alkaline  earth,  avoiding  rise  of  temperature. 

Bromic  Acid,  HBrO,. — Caustic  alkalis  react  with  bromine,  in 
the  same  manner  as  with  chlorine,  yielding  a  bromide  and  bromate, 
which  may  be  separated  by  the  inferior  solubility  of  the  latter. 
Bromic  acid,  obtained  from  barium  bromate,  closely  resembles  chloric 
acid,  and  is  very  unstable.  The  bromates  when  heated  give  off 
oxygen,  and  are  converted  into  bromides. 

Perbromic  Acid,  HBr04,  is  unknown. 

No  anhydrous  oxide  of  bromine  has  yet  been  obtained. 


OXIDES  AND  OXY-ACIDS  OF  IODINE. 

Iodine  Pent-Oxide,  T2O5,  and  Iodic  Acid,  HIO3. — Iodic  acid  may 
be  prepared  by  boiling  iodine  with  absolute  nitric  acid  of  density  1'5. 
After  several  hours  the  iodine  dissolves,  and  on  evaporating  the 
solution  to  dryness  a  white  residue  remains  which  may  be  dissolved 
in  water  and  crystallised.  This  is  iodic  acid  HIO3.  The  same 
compound  may  be  obtained  by  allowing  chlorine  to  act  upon 
powdei'ed  iodine  in  the  presence  of  water.  In  this  case  probably 
the  first  product  is  the  trichloride  ICI3  which  is  then  decomposed 
by  water  (p.  107.)  The  ultimate  effect  may  be  expressed  by  the 
equation, 

I2  +  5CI2  +  6H2O  =  lOHCl  +  2HIO3. 

Iodic  acid  is  a  very  soluble  substance,  crystallising  in  colourless 
six-sided  tables.  At  170°  it  is  resolved  into  water  and  the  pent-oxide 
which  forms  tabular  I'hombic  crystals,  and  when  heated  to  a  higher 
temperature  is  completely  resolved  into  iodine  and  oxygen.  The 
solution  of  iodic  acid  is  readily  deoxidised  by  sulphurous  acid.  The 
iodates  differ  in  some  respects  from  the  chlorates  :  that  of  potassium 
U  decomposed  by  heat  into  potassium  iodide  and  oxygen  gas. 
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Potassium  ioclate,  along  with  iodide,  is  formed  when  iodine  is 
added  to  solution  of  caustic  potash, 

6KB.0  +  3I2  -  5KI  +  KIO3  +  3H2O. 

It  is  perhaps  best  prepared  by  boiling  potassium  chlorate  with 
iodine  and  a  small  quantity  of  nitric  acid.  The  action  probably 
consists  in  the  formation  of  successive  portions  of  chloric  acid  by  the 
action  of  the  nitric  acid,  and  this  in  turn  exchanges  its  chlorine  for 
iodine.    Chlorine  gas  escapes. 

1  HCIO3  +  10=  HIO3  +  ICl 

''^"'^  HCIO3  +  ICl  =  HIO3  +  CI2 . 

Iodic  acid  contains  only  one  atom  of  hydrogen  exchangeable  for 
metals.  Hence  the  formula  of  the  normal  ioclate  of  potassium  for 
example  is  KIO3.  But  it  differs  from  the  corresponding  chlorate 
and  bromate  by  forming  definite  compounds  with  the  acid, 

KIO3.HIO3      and  KIO3.2HIO3. 

Hydrogen  Periodate,  or  Periodic  Acid,  H^IOq  or  HjIHgOg. — 
When  solution  of  sodium  iodate  is  mixed  with  caustic  soda,  and  a 
current  of  chlorine  is  passed  through  the  liquid,  two  salts  are  formed 
— namely,  sodium  chloride  and  a  sparingly  soluble  sodium  periodate, 
Na2H3l05,  the  reaction  taking  place  as  represented  by  the  equation — 

Na2l20B  +  6NaH0  +  2CI2  =  4NaCl  +  2Na2H3l06. 

This  sodium  salt  is  separated,  converted  into  a  silver  salt,  and  dis- 
solved in  nitric  acid  :  the  solution  yields,  on  evaporation,  crystals  of 
yellow  silver  periodate,  AgjlHjOg,  from  which  the  acid  may  be 
separated  by  the  action  of  water,  which  resolves  the  salt  into  free 
acid  and  an  insoluble  periodate,  AgglOg. 

Periodic  acid  crystallises  from  its  aqueous  solution  in  deliquescent 
oblique  rhombic  prisms,  which  melt  at  133°,  and  are  resolved  at  140° 
into  oxygen,  water,  and  iodine  pent-oxide.  Although  periodic  acid 
contains  six  atoms  of  hydrogen,  two  only  are  usually  replaceable  by 
metals,  and  the  acid  is  regarded  as  dibasic. 

The  composition  of  the  silver  salt  just  mentioned,  shows  that  the 
periodates  are  somewhat  complicated  in  constitution.  The  several 
series  of  known  salts  may,  however,  be  supposed  to  be  made  up  of  the 
elements  of  the  hypothetical  heptoxide  with  different  proportions  of 
the  metallic  oxide.  Thus  the  principal  silver  salts  may  be  expressed 
as  follows : 

Ori/io-periodate. 
I2O,  +  5Ag20  :=  2Ag,I0„. 

iV/e.90-periodate. 
I2O,  +  2Ag20  +  H2O  =  2Ag2lH05. 

iVfeto-periodate. 
I2O7  +  Ag^O  =  2AgI0^. 
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The  solution  of  periodic  acid  is  reduced  by  many  organic  sub- 
stances, and  instantly  by  hydrochloric  acid,  sulphurous  acid,  and 
hydrogen  sulphide.  With  hydrochloric  acid  it  forms  water,  iodine 
chloride,  and  free  chlorine.  The  metallic  periodates  are  resolved  by 
heat  into  oxygen  and  metallic  iodides. 
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THE  SULPHUR  GROUP  OF  ELEMENTS. 

The  three  elements,  sulphur,  selenion,  and  tellurium,  of  which  an 
account  now  follows,  closely  resemble  one  another  in  physical  and  in 
chemical  characteristics.  They  are  solid,  brittle,  fusible,  and  volatile 
substances,  which  readily  burn,  when  ignited,  in  air  or  oxygen, 
giving  rise  to  an  oxide  or  mixture  of  oxides,  which  is  also  easily 
volatile  or  even  gaseous  at  common  temj)eratures.  Their  oxides 
united  with  water  produce  very  strong  acids.  Their  chief  com- 
pounds with  hydrogen  are  gases  possessing  a  foetid  odour,  and  con- 
tain their  o^vn  volume  of  hydrogen. 

These  elements  exhibit  the  same  kind  of  relationship  among  their 
atomic  weights  which  has  already  been  indicated  in  connection  with 
the  halogen  group  ;  that  is,  when  ranged  in  the  order  of  their 
chemical  activity,  the  middle  term  of  the  series,  selenion  in  the 
present  case,  has  an  atomic  weight  nearly  equal  to  the  arithmetical 
mean  of  the  atomic  weight  of  the  other  two.    Thus  : — 

Atomic  Weight.   Mean  of  Extremes. 
Sulphur,    .       .       .  ,    .  32 
Selenion,    ....       79  79 
Tellurium,        .       .       .     126  (ajoprox.) 

When  the  characters  of  the  metals  come  to  be  discussed,  it  will  also 
be  observed  that  in  this  series  the  high  atomic  weight  of  tellurium  is 
connected  with  the  semi-metallic  characters  exhibited  by  that 
element. 


SULPHUR. 

Symbol,  S.    Atomic  weight,  32.    Vapour-density  at  a  red  heat,  32. 

_  Sulphur  occurs  abundantly  in  nature  both  free  and  in  combina- 
tion. In  the  free  state  it  is  found  in  the  neighbourhood  of  volcanos, 
both  active  and  extinct,  either  in  transparent  yellow  crystals,  or  in 
opaque  crystalline  masses,  and  is  separated  from  the  rock  or  earth  in 
which  it  is  imbedded,  by  setting  fire  to  heaps  of  the  material,  and 
collecting  those  portions  which  escape  combustion  and  run  out  in  a 
melted  state  at  the  bottom  of  the  pile.  Large  quantities  of  sulphur 
are  thus  obtained  from  Italy  and  Sicily. 

Sulphur  occurs,  however,  in  still  greater  abundance  in  combina- 
tion with  metals  forming  the  metaUic  sulphides,  e.g.,  iron  pyrites, 
FeSj,  copper  pyrites,  CuFeSj,  galena,  PbS,  cinnabar,  HgS  ;  or  with 
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metals  and  oxygen,  forming  sulphates,  e.g.,  gyiisum,  CaS04.2H20, 
heavy  spar,  BaSO^,  Epsom  salt,  MgS04.7H20,  etc. 

Some  quantities  of  sulphur  are  obtained  by 
■Fig-  66.  the  roasting  of  pyrites  containing  iron  and  cop- 

per. Smaller  quantities  are  obtained  as  a  bye- 
product  in  the  manufacture  of  coal  gas.  The 
gas,  as  it  issues  from  the  retorts,  contains 
hydrogen  sulphide,  and  by  passing  it  over 
oxide  of  iron,  a  sulphide  of  iron  is  formed, 
which  on  exposure  to  the  air,  is  oxidised,  with 
separation  of  sulphur  :  2FeS-f  03  =  Fe203-l-S2. 

Suljahur  is  also  obtained  from  the  residue  or 
waste  of  the  soda-manufacture  (see  Sodium), 
which  consists  of  calcium  sulphide  mixed  with 
chalk,  lime,  and  alkaline  sulphides.  The  ac- 
cumulated masses  of  this  mixture  exposed  to 
the  air  absorb  oxygen ;  the  calcium  sulphide 
is  partly  oxidised  to  thiosulphate,  CaSaOg,  and 
a  polysulphide,  CaSj;,  both  of  which  are  soluble 
in  water,  whilst  the  monosulphide,  CaS,  is 
almost  insoluble.  After  dissolving  out  the 
soluble  constituents  of  the  mass  by  water,  the 
addition  of  hydrochloric  acid  to  the  liquid 
causes  the  precipitation  of  most  of  the  sulphur, 
thus  : — 

2CaS5  +  CagS^Os  +  6HC1  = 
CaCla  4-  12S  -f  SH^O . 

Another  more  important  process  which 
enables' the  manufacturer  to  avoid  the  accumu- 

^  I  I  lation  of  the  waste,  and  provide  an  abundant 

 ]_  supply  of  sulphur,  has  been  patented  by  Messrs 

Chance  of  Birmingham.  The  fresh  waste  is 
suspended  in  water  and  jjlaced  in  a  series  of 
vertical  iron  cylinders,  of  which  one  is  shown  in  fig.  66,  into  which 
carbon  dioxide,  accompanied  by  atmospheric  nitrogen,  obtained  from 
a  lime-kiln,  is  pumped.  Hydrogen  sulphide  gas  disengaged  in  the 
first  vessel, 

CaS  +  H2O  +  CO2  =  CaCOj  +  HoS, 
is  driven  into  the  vessels  connected  with  it  and  is  there  absorbed, 
producing  calcium  hydrosulphide, 

CaS  +  H2S  =.  Ca(HS)2. 
This,  in  its  turn,  is  decomposed  by  the  carbonic  acid,  and  a  gas  con- 
taining a  large  proportion  of  sulphuretted  hydi'ogen  is  evolved.  The 
gas  thus  produced  may  be  storetl  in  a  gas-holder,  and  subsequently 
employed  in  the  manufacture  of  sulphuric  acid.  When  the  oljject  is 
to  obtain  sulphur,  the  gas  is  conducted  into  a  brick  chamber  (fig.  67) 
containing  a  quantity  of  peroxide  of  iron.    Air  admitted  at  the  same 
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time  in  suitable  proportion,  causes  the  oxidation  of  the  hydrogen 
and  the  liberation  of  sulphur,  which,  being  vaporised  by  the  heat  of 
the  reaction,  is  collected  in  a  series  ot  cooling  chambers,  partly  in  the 
form  of  a  fine  crystalline  dust  (tlowers  of  sulphur),  partly  in  the  molten 
state,  from  which  it  may  be  cast  into  moulds  in  any  desired  form. 

Properties. — Pure  sulphur  is  a  pale-yellow  brittle  solid,  of  well- 
known  appearance.  It  melts  when  heated,  and  distils  over  unaltered, 
if  air  be  excluded.  The  crystals  of  sulphur  exhibit  two  distinct  and 
incompatible  forms — namely,  first,  an  octahedron  belonging  to  the 
rhombic  system  (fig.  68),  which  is  the  figure  of  native  sulphur,  and 
of  sulphur  deposited  at  common  temperatures  from  solution  in 
carbon  bisulphide  ;  and,  secondly,  a  lengthened  monoclinic  prism, 
the  primary  form  of  which  is  shown  in  fig.  69,  the  form  assumed 


Fig.  67. 


when  a  mass  of  sulphur  is  melted,  and,  after  partial  cooling,  the 
crust  on  the  surface  is  broken,  and  the  fluid  portion  poured  out. 
Fig.  70  shows  the  result  of  such  an  experiment. 

The  density  of  sulphur  varies  according  to  the  form  in  which  it  is 
crystallised.  The  octahedral  variety  has  the  density  2'045  at  4'5° ; 
the  prismatic  variety  has  the  density  1'96. 

Sulphur  melts  at  114-5°,  forming  a  thin  amber-colonred  liquid; 
when  further  heated,  it  begins  to  thicken,  and  acquires  a  deeper 
colour  ;  and  between  221°  and  249°  it  is  so  tenacious  that  the  vessel 
in  which  it  is  contained  may  be  inverted  for  a  moment  without  the 
loss  of  its  contents.  Heated  somewhat  beyond  this  temperature,  it 
again  liquefies,  though  never  becoming  so  fluid  as  at  first.  If  in  this 
state  it  be  suddenly  cooled  by  pouring  into  water,  it  retains  for  many 
hours  a  remarkably  tough  and  plastic  condition.  After  a  Avhile  it 
again  becomes  brittle  and  crystalline.  From  the  temperature  last- 
mentioned  to  the  boiling  point — about  448° — sulphur  again  becomes 
thin  and  liquid.  In  the  preparation  of  commercial  flowers  of  sul- 
phur, the  vapour  is  conducted  into  a  large  cold  chamber,  where  it 
condenses  in  minute  crystals. 
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The  density  of  sulphur  vapour,  referred  to  that  of  air  as  unity,  is 
represented  by  the  following  numbers  (Biltz)  : — 

Temperature,  467-9°  501-7°  534-4°  606° 
Density        ,       7-937        7-015        6-975  4-734 

At  800°  to  1000?  the  density  is  2-22  compured  with  air  or  31-98 
compared  with  hydrogen  taken  as  unity  (Deville). 

Sulphur  is  insoluble  in  water  and  alcohol ;  oil  of  turpentine  and 
tlie  fat  oils  dissolve  it,  but  the  best  substance  for  the  purpose  is 

Fig.  68. 


carbon  bisulphide.  In  its  chemical  relations  sulphur  bears  some 
resemblance  to  oxygen  :  to  very  many  oxides  there  are  correspond- 
ing sulphides,  and  the  sulpliides  often  unite  among  themselves, 
forming  crystallisable  compoi^nds  analogous  to  oxysalts,  as  in  the 
following  examples  : — 

O.iygen 
Compoumls. 

K„0 
KHO 


CO., 

K„S04 
K>sO., 


Sulphur 
Compounds. 


KHS. 

K3ASS3. 
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Sulphur  has,  however,  a  greater  tendency  to  accumulate  than 
oxygen,  and  it  accordingly  gives  rise  to  many  ^oZi/-sulphides,  for 
which  there  are  no  correspondents  among  oxides,  e.g.,  ^2^5)  CaS^, 
FeS^,  Fe^S,,,  etc. 

The  chief  varieties  of  sulphur  are  as  follows  : — 

1.  Native  sulphur  or  sulphur  crystallised  from  carbon  bisulphide 
at  common  temperatures,  consisting  wholly  of  the  octahedral  variety, 
entirely  soluble  in  carbon  bisulphide. 

2.  Frismatic  sulphur  formed  by  fusion  and  cooling ;  transformed 
into  octahedral  sulphur  slowly  by  keeping  or  immediately  on  immer- 
sion in  carbon  bisulphide. 

3.  Plastic  sulphur,  obtained  as  already  described ;  insoluble  in 
carbon  bisulphide. 

4.  Powdery  amorphous  sulphur  precipitated  during  the  decomposi- 
tion of  sulphur  chlorides  by  water,  and  by  the  addition  of  acids  to 
soluble  thiosulphates.    Insoluble  in  carbon  bisulphide. 

There  are  three  chief  commercial  forms  of  sulphur,  namely,  brim- 
stone, which  occurs  in  blocks  or  rods  of  a  yellow  colour,  consisting 
almost  entirely  of  the  octahedral  variety ;  flowers  of  sulphur,  also 
composed  chiefly  of  the  octahedral  form,  but  usually  containing  a 
small  quantity  of  a  variety  which  is  not  dissolved  by  carbon  bisul- 
phide ;  and  milk  of  sulphur,  obtained  by  boiling  common  sulphur 
with  lime  and  water,  and  adding  excess  of  an  acid  to  the  yellow 
solution.  The  nearly  white  precipitate  which  results  consists  of  a 
mixture  of  a  variety  soluble  in  carbon  bisulphide  with  another 
which  is  insoluble  in  that  menstruum.  The  former  of  these  prob- 
ably results  i'rom  the  decomposition  of  the  polysulphide  present  in 
the  solution ;  the  latter  is  a  product  of  the  decomposition  of  the 
thiosulphate  also  formed  by  the  interaction  of  the  lime  and  sulphur. 
The  changes  which  occur  may  be  represented  by  these  equations  : — 

3Ca(HO)2  +  12s  =  CaS203  +  2CuS.  +  3Hp 

and 

CaSPa  +  2CaS.  -f  6HC1  -  3CaCl2  +  SHgO  -i-  123 . 

Experiments. — 1.  Place  in  a  smaU  dry  flask  about  an  ounce  of 
carbon  bisulphide.  Add  some  flowers  of  sulphur,  then  gently  heat 
the  flask  by  dipping  it  into  warm  water,  avoiding  the  approach  of  a 
flame.  After  a  few  minutes  filter  the  solution  through  a  small  dry 
filter-paper  into  a  beaker  which  should  be  covered,  and  set  by  in  a 
draught  chamber,  so  that  the  carbon  bisulphide  may  very  slowly 
evaporate  away.  In  a  few  hours  distinct  octahedral  crystals  of  sul- 
phur will  be  formed. 

2.  Fill  a  two-ounce  porcelain  crucible  with  sulphur.  Heat  it 
gently  till  the  whole  is  just  melted,  then  allow  it  to  cool.  A  crust 
soon  forms  upon  the  surface.  Remove  this  with  a  knife,  pour  off 
the  still  liquid  portion  and  examine  the  prismatic  crystals  which 
line  the  cup. 

3,  Crush  one  or  two  ounces  of  roll  sulphur  to  coarse  powder,  place 


122 


COMPOUNDS  OF  SULPHUR  AND  HYDROGEN. 


in  a  dry  flask,  and  heat  gently  over  a  lamp.  Notice  that  the  sulphur 
when  just  melted  forms  a  clear  and  limpid  liquid. 

4.  Apply  a  somewhat  stronger  heat,  shaking  the  flask  all  the  time. 
In  a  few  minutes  the  liquid  becomes  suddenly  changed  into  a  gela- 
tinous solid  consisting  of  plastic  sulphur. 

5.  Raise  the  temperature  still  further.  The  colour  of  the  mass 
gets  darker  at  the  same  time  it  becomes  semifluid.  Now  pour  a 
portion  of  it  in  a  thin  stream  into  a  dish  of  cold  water,  and  examine 
the  resulting  elastic  threads. 

6.  Continue  the  application  of  heat  till  the  sulphiir  boils,  and  the 
colour  of  the  vapour  may  be  observed. 


Compounds  of  Sulphur  and  Hydrogen. 

Hydrogen  Monosulphide. — Hydrosulphuric  Acid  ;  Sulphuretted 
Hydrogen,  HgS. —  Hydrogen  sulphide  occurs  in  volcanic  gases,  and 
the  gases  evolved  from  some  mineral  springs,  as  those  at  Harrogate. 
It  is  a  frequent  product  of  the  j)utrefaction  of  animal  matters. 

Hydrogen  sulphide  may  be  formed  by  direct  union  of  its  elements, 
when  hydrogen  gas  is  passed  through  boiling  sulphur,  or  more  freely, 
when  hydrogen  and  sulphur  vapours  are  carried  together  through  a 
red-hot  tube,  but  for  practical  purposes  there  are  only  two  methods 
by  which  this  important  comjDound  can  be  readily  prepared,  namely, 
by  the  action  of  dilute  sulphuric  acid  upon  iron  monosulphide,  and 
by  the  decomposition  of  antimony  trisulphide  with  hot  hydrochloric 
acid.  The  first  method  yields  it  most  easily,  the  second  in  the 
purest  state. 

Iron  monosulphide  may  be  put  into  an  apparatus  similar  to  that 
used  for  hydrogen  (fig.  4,  A,  p.  23),  together  with  water,  and  sul- 
phuric acid  added  by  the  funnel.  Hydrogen  sulphide  is  then 
evolved,  while  ferrous  sulphate  remains  in  solution  : — 

FeS  -F  H2SO4  =  HgS  -f  FeSO^. 

By  the  other  plan,  finely  powdered  antimony  trisulphide  is  put 
into  a  flask  to  which  a  cork  and  bent  tube  can  be  adapted,  and  strong 
liquid  hydrochloric  acid  is  poured  upon  it.  On  the  application  of 
heat,  a  double  interchange  occurs,  hydrogen  sulphide  ana  antimony 
trichloride  being  formed.  The  action  lasts  only  while  the  heat  is 
maintained  : — 

SbjSa     6HC1  =  3SH,  +  2^hC\^. 

Hydrogen  sulphide  is  a  colourless  gas,  having  the  offensive  odour 
of  putrid  eggs.  It  is  not  irritant,  but,  on  the  contrary,  powerfully 
narcotic,  and  the  continued  inhalation  of  air  containing  only  small 
quantities  of  it  is  decidedly  injui-ious  to  health.  Wlien  set  on  fire, 
it  burns  with  a  blue  flame,  producing  sulphur  dioxide,  when  the 
supply  of  air  is  abundant,  and  depositing  sulphur  when  the  oxygen 
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Pig.  71. 


is  deficient.  Mixed  with  chlorine,  it  is  instantly  decomposed,  with 
separation  of  the  whole  of  the  sulphur. 

This  gas  has  a  density  1171  referred  to  air,  or  17  referred  to 
hydrogen  as  unity;  a  litre  weighs  r5199  grams.  A  pressure  of 
17  atmospheres  at  10°  reduces  it  to  the  liquid  form,  and  it  may  now 
be  purchased  in  the  liquid  form  secured  in  small  steel  bottles  like 
those  used  for  chlorine  (p.  96).  Cold  water 
dissolves  its  own  volume  of  hydrogen  sulphide, 
and  the  solution  is  used  as  a  test ;  it  is, 
however,  rather  quickly  decomposed  by  the 
oxygen  of  the  air,  and  should  therefore  be 
kept  in  a  tightly  closed  bottle.  Another 
mode  of  testing  with  hydrogen  sulphide  is  to 
keep  a  little  apparatus  (fig.  71)  for  generating 
the  gas  always  at  hand.  A  small  bottle  or 
flask,  to  which  a  bit  of  bent  tube  is  fitted  by 
a  cork,  is  supplied  with  a  little  iron  sulphide 
and  water ;  Avhen  it  is  required  for  use,  a  few  drops  of  siilphuric  acid 
are  added,  and  the  gas  is  at  once  evolved.  The  experiment  com- 
pleted, the  liquid  is  poured  from  the  bottle,  replaced  by  a  little  clean 
water,  and  the  apparatus  is  again  ready  for  use. 

Hydrogen  sulijhide  is  such  an  imj)ortant  agent  in  the  chemical 
laboratory,  that  it  is  customary  to  keep  in  readiness  some  form  of 
apparatus  for  general  use  by  which  it  may  be  immediately  produced 
in  any  desired  quantity.  Many  devices  have  been  proposed  to  meet 
this  object.  One  of  the  most  serviceable  forms  of  apparatus  is  repre- 
sented in  the  accompanying  figure. 

Fig.  72. 


It  consists  of  three  vessels  connected  together  by  flexible  tubing. 
The  first,  a,  contains  diluted  sulphuric  acid  ;  the  second,  b,  contains 
sulphide  of  iron  broken  into  small  lumps  which  are  supported  upon 
a  layer  of  bi'oken  gla.S3  ;  the  third,  c,  i.s  employed  as  a  washing  bottle, 
and  is  provided  with  a  tap  upon  the  exit  tube.  When  the  gas  is 
wanted  the  bottle  of  acid  is  lifted  up  so  that  its  bottom  is  about  on 
a  level  with  the  shoulder  of  the  second  vessel  which  contains  the 
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sulphide.  If  the  tap  is  now  opened,  the  liquid  runs  down,  and 
coming  into  contact  with  the  sulphide,  dissolves  it  with  evolution  of 
sulphuretted  hydrogen,  which  by  bubbUng  through  the  water  placed 
in  the  wasliing  bottle,  is  deprived  of  any  traces  of  sulphmuc  acid  or 
iron  sulphate  which  it  might  carry  over.  The  generation  of  the 
gas  can  be  completely  controlled  by  the  tap,  and  soon  ceases  when 
this  is  closed,  the  pressure  of  the  gas  as  it  accumulates  drives  the 
acid  liquid  back  into  the  first  bottle. 

Potassium  heated  in  hydrogen  sulphide  burns  with  great  energy, 
becoming  converted  into  sulphide,  while  pure  hydrogen  remains. 
The  gas  is  best  analysed  by  heating  a  piece  of  tin  in  a  measured 
volume  of  it  confined  over  mercury  in  a  bent  tube.  A  volume  of 
hydrogen  is  left  equal  in  volume  to  the  original  gas.  Taking  this 
fact  into  account,  and  comparing  the  density  of  the  gas  with  the 
density  of  hydrogen  and  of  red-hot  sulphur-vapour,  it  appears  that 
every  volume  of  hydrogen  sulphide  contains  one  volume  of  hydrogen 
and  half  of  a  volume  of  sulphur-vapour,  the  whole  condensed  into 
one  volume,  a  constitution  precisely  analogous  to  that  of  water- 
vapour.  This  corresponds  with  its  comj)osition  by  weight,  deter- 
mined by  other  means — namely,  16  parts  of  sulphur  and  one  part 
of  hydrogen. 

Hydrogen  sulphide  possesses  the  properties  of  an  acid  :  its  solu- 
tion in  water  reddens  litmus  paper. 

The  best  test  for  the  presence  of  this  compound  is  paper  wetted 
with  solution  of  lead  acetate,  which  is  blackened  by  the  smallest 
trace  of  the  gas. 

There  are  few  reagents  of  greater  value  to  the  chemist  than  this 
substance  ;  when  brought  in  contact  M'ith  many  metallic  solutions 
it  gives  rise  to  precipitates,  which  are  often  exceedingly  character- 
istic in  appearance,  and  it  frequently  affords  the  means  of  separating 
metals  from  each  other  with  the  greatest  precision  and  certaint)*. 
These  precipitates  are  insoluble  sulphides,  formed  by  the  mutual 
decomposition  of  the  metallic  oxides  or  chlorides  and  hydrogen 
sulphide,  water  or  hydrochloric  acid  being  produced  at  the  same 
time.  Only  those  metals  are  precipitated  whose  suljihides  are  in- 
soluble in  water  and  in  dilute  acids. 

Exjjerivients. — With  the  aid  of  one  of  the  forms  of  apparatus  ali-eady 
described,  caiise  sulphuretted  hydrogen  to  bubble  slowdy  thi-ough  the 
following  solutions,  carefully  observing  the  result  in  each  case.  The 
solutions  should  be  moderately  dilute  : — 

1.  Solution  of  arsenious  oxide  acidified  with  hydrochloric  acid. 
A  bright  yellow  precipitate,  AS2S3,  results. 

2.  Solution  of  copper  sulphate  acidified.  A  dark  brown  precipi- 
tate, CuS,  is  formed. 

3.  Solution  of  zinc  sulphate  acidified.  No  visible  change  is  pro- 
duced. 

4.  Solution  of  zinc  sulphate  mixed  M'ith  ammonia  in  excess.  A 
white  precipitate,  ZnS,  is  thrown  down. 

5.  Solution  of  magnesium  sulphate,  whether  alone  or  mixed 
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with  an  acid  or  with  ammonia,  gives  no  precipitate  with  hydrogen 
sulphide. 

Hydrogen  P  er  sulphide. — This  very  unstable  substance  is 
prepared  by  the  following  means  : — 

Equal  weights  of  slaked  lime  and  flowers  of  sulphur  are  boiled 
with  5  or  6  parts  of  water  for  half  an  hour,  whereby  a  deep  orange- 
coloured  solution  is  produced,  containing,  among  other  things,  cal- 
cium bisulphide.  This  is  filtered,  and  slowly  added  to  an  excess  of 
dilute  sulphuric  acid,  with  constant  agitation.  A  white  precipitate 
of  separated  sulphur  and  calcium  sulphate  then  makes  its  appear- 
ance, together  with  a  quantity  of  yellow  oily-looking  matter,  which 
collects  at  the  bottom  of  the  vessel :  this  is  hydrogen  persulphide. 

This  compound  is  generally  regarded  as  a  bisulphide  of  hydrogen, 
HgSj,  analogous  to  the  dioxide,  but  its  great  instability  prevents 
the  determination  of  its  composition  by  direct  analysis.  By  treating 
an  alcoholic  solution  of  strychnine  with  sulphuretted  hydrogen,  in 
the  presence  of  air  or  oxygen,  a  comjiound  is  obtained  containing 


Hydrogen  persulphide  dissolves  phosphorus  and  iodine,  forming 
a  phosjjhorus  sulphide  and  hydrogen  iodide  respectively,  with  evolu- 
tion of  sulphuretted  hydrogen.  With  chlorine  it  forms  hydro- 
chloric acid  and  sulphur  chloride,  SgClg.  Bromine  acts  in  a  similar 
manner. 


Sulphur  and  Chlorine. — Three  chlorides  of  sulphur  are  known, 
represented  by  the  formula;  SgCls,  SClj,  and  80)4. 

The  protochloride,  SCI  or  SgCJlj,  is  prepared  by  passing  dry  chlorine 
gas  into  a  retort  in  which  sulphur  is  sublimed  at  a  gentle  heat.  It 
then  distils  over,  and  may  be  collected  in  a  receiver  surrounded  by 
cold  water,  and  freed  from  excess  of  sulphur  by  redistillation.  It  is 
also  produced  by  distilling  a  mixture  of  1  part  sulphur  with  9  parts 
of  stannic  chloride,  or  8-5  parts  of  mercuric  chloride. 

Sulphur  piotochloride  is  a  mobile  reddish-yellow  liquid,  having 
a  peculiar,  j^enetrating,  disagreeable  odour,  and  fuming  strongly  in 
the  air.  Density  1'687.  It  boils  at  136'.  It  dissolves  in  carbon 
bisulphide,  alcohol,  and  ether,  not,  however,  without  decomposi- 
tion in  the  two  latter.  It  dissolves  sulphur  in  large  quantities, 
especially  when  heated.  When  saturated  with  sulphur  at  ordinary 
temperatures,  it  forms  a  clear  yellow  liquid  of  density  1'7,  and  con- 
taining altogether  66*7  per  cent,  sulphur.  The  solution  of  sulj^hur 
chloride  with  the  excess  of  sulphur  in  crude  benzol,  is  used  for 
vulcanising  or  sulphurising  caoutchouc.  It  is  instantly  decom- 
posed by  water,  with  formation  of  hydrochloric  and  thiosulphuric 
acids,  and  separation  of  sulphur,  the  thiosulphuric  acid  in  its  turn 
decomposing  into  sulphur  and  sulphurous  acid:   2S2Cl2-l-3H20  = 
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The  clicliloride,  SClj  or  SgCl^,  is  produced  by  passing  chlorine  to 
saturation  into  the  preceding  comj:^und  cooled  by  a  mixture  of  ice 
and  salt,  and  expelling  the  excess  of  chlorine  by  a  stream  of  carbon 
dioxide.  The  product  is  a  deep  red  liquid  which  dissociates  rapidly 
by  elevation  of  temperature.  When  boiled,  chlorine  is  evolved,  and 
ultimately  the  lower  chloride  is  left  as  the  residue.  This  compound 
is  decomposed  by  water  like  the  protochloride. 

The  tetrachloride,  SCI4,  is  prepared  by  saturating  sulphur  proto- 
chloride with  chlorine  at  —20°.  The  product  contains  81'59  per 
cent,  chlorine  and  18-41  sulphur,  the  numbers  calculated  from  the 
formula  SCl^  being  81  "61  and  18  "39.  It  dissociates  rapidly  on 
raising  the  temperature  and  seems  to  he  capable  of  existing  only 
below  -  20°.  It  is  more  stable  in  union  with  other  chlorides. 
Sulphur  tetrachloride  is  acted  upon  by  sulphuric  oxide,  producing 
sulphurous  oxy-chloride  together  with  chlorine  and  sulphurous 
oxide  :  thus — 

SCl^  +  SO3  =  SOCI2  +  CI2  +  SO, . 

Sulpliur  and  Bromine. — Bromine  dissolves  sulphur,  forming  a 
brown-red  liquid  probably  containing  sulphur  bromides  analogous 
to  sulphur  monochloride  ;  but  it  has  not  been  obtained  pure. 

Sulpliui'  and  Iodine. — These  elements  combine  when  heated 
together,  but  tlie  product  is  always  a  mixture.  The  compound,  S.jlo, 
is  a  blackish-grey  crystalline  mass.  It  decomposes  at  higher 
temperatures,  gives  off  iodine  on  exposure  to  the  air,  and  is  insoluble 
in  water.  A  hexiodide,  SIg,  is  said  to  be  deposited  in  crystals  having 
the  same  crystalline  form  as  iodine  when  a  solution  of  iodine  and 
sulphur  in  carbon  disidphide  is  left  to  evaporate.  By  heating  254 
parts  of  iodine  with  32  parts  of  sulphur,  a  comjjound  is  obtained 
which  smells  like  iodine,  and  is  used  as  an  external  remedy  in  skin 
diseases.  A  cinnabar-red  sulphur  iodide  is  also  obtained  by  precipi- 
tating iodine  trichloride  with  hydrogen  sulphide. 


Oxides  and  Oxy-acids  of  Sulphur. 

Stilphur  and  Oxyg-en. — In  addition  to  two  imperfectly  known 
oxides,  having  the  formuhie  S2O3  and  S^O-,  there  are  two  chief  com- 
pounds of  sulphur  and  oxygen,  the  names  and  composition  of  which 
are  as  follows  : — 

Composition  by  Weight. 

Sulphur.  Oxygen. 
Sulphur  dioxide  or  Sulphurous  anhydride,  SOo   32    +  32 
Sulphur  trioxide  or  Sulphuric  anhydride,  SO3     32    +  48 

Both  these  oxides  unite  with  water  and  with  metallic  oxides,  or  the 
elements  thereof,  producing  salts ;  those  derived  from  sulphurous 
anhydride  are  called  sulphites,  and  those  derived  from  sulphuric 
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anhydride  sulphates.  The  composition  of  the  hydrogen  salts  or 
acids  is  as  follows  : — 

Sulphurous  acid,  H2SO3  =  H^OjSO., 
Sulphuric  acid,    H^SO^  =  H20,S03. 

The  replacement  of  half  or  the  whole  of  the  hydrogen  by  metals 
gives  rises  to  metallic  sulphites  and  sulphates. 

By  the  combination  of  sulphuric  oxide  with  sulphuric  acid  in  the 
proportion  of  SO3  to  HoSO^  (or  80  parts  by  weight  of  the  oxide  to 
98  of  the  acid),  an  acid  is  formed  called  d  i  s  u  1  p  h  u  r  i  c  or  p  y  r  0- 
sulphuric  acid,  having  the  composition  H2S2O5.. 

There  are  also  several  acids  of  sulphur,  with  their  corresponding 
metallic  salts,  to  which  there  are  no  corresponding  anhydrous  oxides, 
viz. : — 

1.  Hyposuliphuroths  Acid,  H2SO2,  having  the  composition  of  sul- 
phurous acid  minus  one  atom  of  oxgyen. 

2.  Thiosulphuric  Acid,  H2S2O3,  having  the  composition  of  sul- 
phuric acid  in  which  oue-fourth  of  the  oxygen  is  replaced  by  sulphur. 

Closely  allied  to  this  acid  is — 

3.  Seleniosulphuric  Acid,  H2SSe03,  having  the  composition  of 
sulphuric  acid  in  which  one-fourth  of  the  oxygen  is  replaced  by 
selenion. 

4.  A  series  of  acids  called  Polythionic  Acids,*  in  which  the  same 
quantities  of  oxygen  and  hydrogen  are  united  with  quantities  of 
sulphur  in  the  proportion  of  the  numbers  2,  3,  4,  5,  viz.  : — 

Dithionic  or  Hyposiilphuric  acid,    .  HaSaOg 

Trithionic  acid,       ....  H^SgOg 

Tetrathionic  acid,    ....  H2S4O15 

Pentathionic  acid,    ....  HaSjOg . 

5.  An  acid  called  persulphuric  acid,  H2S2O8,  scarcely  known  except 
in  the  form  of  its  metal  derivatives  or  salts. 

Sulphtir  Dioxide,  Sulphurous  Oxide,  or  Anhydride,  SOg. — 

This  is  the  product  of  the  combustion  of  sulphur  in  dry  air,  or 
oxygen  gas.  It  is  most  conveniently  prepared  by  heating  undiluted 
svilphuric  acid  with  copper  clippings,  whereby  cupric  sulphate,  Avater, 
and  sulphur  dioxide  are  formed,  the  last  being  given  off  as  gas  : — 

Cu  +  2H2SO,,  =  CuSOi  +  2H2O  +  SO2 . 

A  small  quantity  of  copper  sulphide  is  formed  at  the  same  time,  and 
this  accounts  for  the  black  colour  of  the  residue.  The  experiment 
may  be  performed  in  the  same  apparatus  as  that  used  in  the  pro- 
duction of  chlorine  and  hydrochloric  acid,  and  the  gas  may  be 
collected  by  displacement  of  air  in  the  same  way. 

Another  very  simple  and  cheap  method  of  preparing  sulphur 
dioxide  consists  in  heating  concentrated  sulphuric  acid  with  charcoal ; 
*  From  TToXvi,  many,  and  delov,  sulphur. 
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a  very  regular  evolutiou  of  sulphurous  oxide,  mixed  with  half  its 
volume  of  carbon  dioxide,  is  thus  obtained — 

2H2SO4  +  C  --=  2SO2  +  CO2  +  2H2O . 

This  process  may  be  employed  in  the  manufacture  of  sulphites,  as 
the  carbon  dioxide  will  not  be  retained  by  an  alkali  so  long  as  the 
sulphur  dioxide  is  in  excess. 

Sulphur  dioxide  is  a  colourless  gas,  having  the  peculiar  suffocating 
odour  of  burning  brimstone  ;  it  instantly  extinguishes  flame,  and  is 
quite  irrespirable.  Its  density  is  2"21 ;  a  litre  weighs 
2-8605  grams  ;  100  cubic  inches  weigh  68"69  grains. 
At  about  -  10°  C.  imder  the  ordinary  pressure  of  the 
atmosphere,  this  gas  condenses  to  a  colourless,  limpid 
liquid,  very  expansible  by  heat.  In  this  form  it  is 
now  manufactured  and  may  be  obtained  stored  in 
glass  bottles  such  as  shown  in  figure  73,  from  which 
a  supjDly  of  the  gas  may  be  obtained  by  releasing  the 
screw  tap.  Cold  water  dissolves  more  than  thirty 
times  its  volume  of  suljDhur  dioxide.  The  solution, 
which  contains  hydrogen  sulphite  or  sulphurous 
acid,  H2SO3,  may  be  kept  unchanged  so  long  as 
air  is  excluded,  but  access  of  oxj-gen  gi'aduall}'  con- 
verts the  sulphurous  into  sulphuric  acid,  although 
dry  sulphur  dioxide  and  oxygen  gases  may  remain 
in  contact  for  any  length  of  time  without  change. 
When  sulphur  dioxide  and  aqueous  vapour  are 
passed  into  a  vessel  cooled  to  about  21°  F.  (  -6°  C), 
a  crystalline  hydrate  forms,  which  contains  about 
24-2  sulphur  dioxide  to  75-8  water,  or  H2SO3.IOH2O. 

Sulphur  dioxide  gas  contains  its  own  volume  of 
oxygen,  and  therefore  corresponds  in  composition  to 
carbon  dioxide.  Sulphurous  acid,  H2SO3,  is  not  known  except  in 
solution  and  in  the  hydrate  already  mentioned  ;  but  it  forms  two 
well-defined  classes  of  salts  represented  respectively  by  tlie  formuhe 
MHSO3  and  M2SO3,  where  M  stands  for  such  a  metal  as  sodium  or 
potassium. 

Sulphurous  acid  has  bleaching  properties ;  it  is  used  in  the  arts 
for  bleaching  woollen  goods  anci  straw-plait,  which  are  injured  by 
chlorine.  A  piece  of  blue  litmus  j^aper  plunged  into  the  moist  gas 
is  first  reddened  and  then  slowly  bleached. 

The  sulphites  of  the  alkalis  are  soluble  and  crystallisable,  and  in 
general  resemble  carbonates  ;  they  are  easily  formed  by  direct  com- 
bination. The  sulphites  of  barium,  strontium,  and  calcium  are 
insoluble  in  water,  but  soluble  in  hydrochloric  acid.  The  stronger 
acids  decompose  them  ;  nitric  acid  converts  them  by  oxidising  into 
sulphates.  The  soluble  sulphites  act  as  powerful  reducing  agent*, 
and  are  much  used  in  that  capacity  in  chemical  analysis. 

Sulphur  dioxide  unites,  under  the  influence  of  sunlight,  with 
chlorine,  forming  the  compound,  SOgCl^,  which  will  be  described  later. 


SULPHUR  TRIOXTDK. 


129 


Experiments. — 1.  Prepare  a  flask  as  described  under  "Chlorine" 
(ji.  95).  Place  in  it  about  an  ounce  of  thin  copper  wire  or  clippings, 
and  add  through  the  funnel  about  twice  that  weight  of  strong  sulphuric 
acid.  Heat  gently;  the  evolution  of  gas  begins  at  about  150°.  After 
time  has  been  allowed  for  the  expulsion  of  the  air  from  the  flask,  let 
the  gas  pass  by  means  of  the  delivery-tube  to  the  bottom  of  a  small 
dry  cylinder,  the  mouth  of  which  is  covered  by  a  card.  The  cylinder 
may  be  known  to  be  full  when  a  lighted  taper  dipped  into  it  is  put 
out.    Fill  several  jars  or  cylinders  in  this  manner. 

2.  Cover  one  of  them  by  a  glass  plate,  and  place  it  mouth  downwards 
in  a  dish  of  water.  The  gas  quickly  dissolves,  and  the  water  ascends 
into  the  cylinder,  fUling  it  completely,  unless  the  gas  contained  air. 

3.  Dip  into  the  solution  thus  formed,  or  into  the  moist  gas,  a  i^iece 
of  blue  litmus  paper  ;  it  becomes  red. 

4.  Suspend  in  the  gas  a  bunch  of  violets  or  other  purple-coloured 
flowers  ;  they  are  bleached. 

5.  Prejjare  a  small  jar  full  of  sulphm-etted  hydrogen,  and,  keeping 
it  covered  by  a  glass  plate,  place  it  mouth  to  mouth  with  a  similar 
jar  of  sulphur  dioxide.  Then  draw  away  the  plates,  so  that  the 
gases  may  mix.  Water  is  formed,  and  a  cloud  of  solid  sulphur  is 
deposited — 


A  similar  effect  is  produced  by  passing  the  gases  successively,  or  at 
the  same  time,  through  the  same  portion  of  water.  A  small  quantity 
of  pentathionic  acid  is  formed  at  the  same  time  (see  p.  138). 

Sulphur  Trioxide,  Sulphuric  Oxide  or  Anhydride,  SO3. — 
This  compound  cannot  be  obtained  by  the  direct  union  of  sulphur 
dioxide  and  oxygen  at  any  temperature,  but  it  is  readily  formed  when 
a  mixture  of  these  gases,  thoroughly  dried,  is  passed  over  heated 
spongy  platinum.  It  may  be  obtained  by  distilling  the  most  con- 
centrated sulphuric  acid  with  phosphoric  oxide,  which  then  abstracts 
water  and  sets  the  sulphuric  oxicfe  free.  It  may  also  be  prepared 
from  fuming  oil  of  vitriol  (see  p.  135),  which  may  be  regarded  as  a 
solution  of  sulphuric  oxide  in  sulphuric  acid.  On  gently  heating 
this  liquid  in  a  retort  connected  with  a  receiver  cooled  by  ice,  the 
sulphuric  oxide  distils  over,  and  condenses  into  beautiful  white  silky 
crystals,  resembling  asbestos. 

Sulphuric  oxide  is  manufactured  in  considerable  quantity  by 
causing  a  mixture  of  sulphur  dioxide  and  excess  of  dry  air  to  pass 
through  glazed  earthenware  pipes  containing  fragments  of  jjlatinised 
asbestos  heated  to  low  redness.  The  sulphuric  oxide  is  condensed 
in  a  series  of  double-necked  bottles. 

Sulphuric  oxide,  when  thrown  into  water,  hisses  like  a  red-hot 
iron,  from  the  violence  with  which  combination  occurs  ;  the  product 
is  sulphuric  acid.    When  exposed  to  the  air,  even  for  a  few  moments, 


gas,  forming  a  salt  called  ammonium  sulvhamate,  the  nature  of  which 
AVI  11  be  explained  further  on. 


SO2  +  2H2S  = 


3S  +  2H2O. 


It  unites  with  ammoniacal 
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Melted  sulplmric  oxide  undergoes  very  great  expansion  by  beat, 
'  its  mean  coefficient  of  expansiou  between  25°  and  45°  being  0-0027 
.  for  1°  C,  tliat  is  to  say,  more  than  two-thirds  as  great  as  that  of 
gases.    Liquid  sulphuric  oxide  mixes  in  all  proportions  with  hydro- 
gen sulphate,  H2SO4.    Some  remarkable  phenomena  exhibited  by 
.  these  solutions  will  be  described  further  on  (p.  135). 

Sulphuric  Acid  or  Hydrogen  Sulphate,  H2SO4. 

.  — The  manufacture  of  this  important  acid  depends  upon  the  fact 
that,  when  sulj^hur  dioxide,  nitrogen  peroxide,  and  water  are  present 
together  in  certain  proportions,  the  suljihur  dioxide  becomes  oxidised 
.  at  the  expense  of  the  nitrogen  peroxide,  which,  by  the  loss  of  one- 
half  of  its  oxygen,  is  reduced  to  nitric  oxide.  Inasmuch  as  nitric 
oxide  has  the  power  of  uniting  with  oxygen  in  the  free  gaseous  state, 
reproducing  nitric  peroxide,  it  is  obvious  that  a  small  quantity  of 
nitric  oxide  may  serve  to  cause  the  oxidation  of  an  indefinitely  large 
quantity  of  sulphur  dioxide  into  sulphuric  acid.  It  is  only  necessary 
to  supply  sulphur  dioxide,  air,  and  water  continuously  into  a  chamber 
in  which  the  oxide  of  nitrogen  is  already  present. 

Tlie  materiab  from  which  the  requisite  sulphur  is  obtained,  is 
generallj'  iron  pyrites,  a  mineral  which  is  imported  in  large  quantities, 
chiefly  from  Spain.  This  is  roasted  in  a  series  of  ovens  or  kilns 
(fig.  74,  a),  in  a  current  of  air  which  is  admitted  in  considerable  excess. 
•The  sulphur  burns  off,  leaving  a  residue  which  consists  of  oxide  of 
iron,  together  with  small  quantities  of  oxide  of  copper  and  silver.  This 
forms  the  material  for  a  distinct  series  of  operations  by  which  these 
metals  are  separated.  The  gases  from  the  pyrites  burners,  consisting 
of  a  mixture  of  sulphur  dioxide  and  atmospheric  oxygen  and  nitro- 
gen, i^ass  together  through  a  wide  flue,  at  the  extremity  of  which 
are  placed  pots  (b)  containing  a  little  nitrate  of  sodium  mixed  with 
oil  of  vitriol.  The  object  of  this  is  to  supply  the  mixture  of  niti-ic 
acid  and  nitrogen  oxides  which,  as  already  mentioned,  play  an  im- 
portant part  in  bringing  about  the  oxidation  of  the  sulphurous  oxide. 
All  these  gases  and  vapours  are  conducted  into  the  first  of  a  series  of 
mixing  chambers  (c)  built  of  sheet  lead,  supported  by  timber  framing. 
These  chambers  are  generally  of  very  large  dimensions,  having  veiy 
often  a  capacity  of  100,000  cubic  feet  or  more.  Here  jets  of  st«am 
from  a  boiler  below  (d)  are  introduced  at  intervals,  and  supjjly  tlie 
water  necessary  for  the  formation  of  sulphuric  acid. 

The  principal  reactions  which  go  on  may  be  broadly  represented 
in  tlie  two  following  ecjuations,  of  which  tlie  first  represents  the 
oxidation  of  tlie  elements  of  sulphurous  acid  into  suliihuric  acid  by 
the  nitric  peroxide  : — 

NO.,  +  SO.,  +  B.JO  =  NO  +  H2SO4. 

The  second  expresses  the  restoration  of  the  oxygen  to  the  nitric 
oxide  by  the  air  which  is  always  present : — 

NO  -I-  0  =  NO2. 
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It  will  thus  be  perceived  that  a  relatively  small  quantity  of  nitric 
oxide  in  the  presence  of  a  continuous  supply  of  sulphurous  oxide, 


air,  and  steam,  is  capable  of  converting  this  mixture  into  sulphuric 
acid. 
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Fig.  75. 


The  acid  thus  produced  collects  in  the  liquid  form  at  the  bottom 
of  the  chambers,  and  when  it  has  attained  a  certain  degree  of  con- 
centration (about  60  to  65  per  cent,  of  H2SO4),  the  liquid  is  drawn  off 
and  concentrated,  at  first  by  evaporation  in  open  leaden  pans,  subse- 
quently in  boilers  of  glass  or  of  platinum,  in  which  weak  acid  distils 
over  and  is  saved,  whilst  the  concentrated  acid  remains  behind. 
The  latter  when  cold  has  a  density  of  1-84,  or  thereabouts  :  it  is  then 
transferred  to  "  carboys "  or  large  glass  bottles  fitted  in  baskets  for 
sale. 

Fig.  75  represents  one  of  the  glass  vessels  used  for  concentrating 
sulphuric  acid.    Each  of  these  retorts,  which  are  usually  capable  of 

holding  some  twenty 
gallons  of  the  acid,  is 
set  in  a  separate  iron 
pot  placed  over  a  fire 
and  the  neck  of  the 
retort  passes  into  a 
horizontal  leaden  pipe 
which  serves  as  a 
receiver  common  to  a 
series  of  twelve  or 
more.  As  the  acid 
boils,  water,  accom- 
panied by  a  little  acid 
passes  over,  the  car- 
bonaceous impurities 
usually  present  in  the 
residual  acid  are  at 
the  same  time  oxi- 
dised, and  after  a  time 
the  residual  liquid 
Ijecomes  perfectly  col- 
oiirless. 

At  the  end  of  the  series  of  reactions  which  proceed  in  the  vitriol 
chambers,  after  the  condensation  of  the  sulphuric  acid,  the  nitrogen 
of  the  air  and  the  greater  jjart  of  the  nitric  oxide  remain  in  the 
gaseous  form.  It  was  formerly  the  custom  to  allow  these  gases  to 
escape  into  the  atmosphere.  Now  it  is  not  only  to  the  interest  of 
the  manufacturer  to  avoid  loss  of  the  nitric  oxide,  but  the  Alkali 
Works  Eegulation  Act  forbids  the  discharge  of  gases  of  this  kind 
into  the  atmos2)here  in  quantity  exceeding  a  certain  amount  (equiva- 
lent altogether  to  4  grains  of  SO3  per  cubic  foot).  It  is  therefore 
the  practice  in  all  well  conducted  Avorks  to  add  to  the  aj^paratus 
already  described  an  arrangement  for  collecting  the  nitrous  gases 
from  the  last  of  the  leaden  chambers,  and  another  for  restoring  them 
to  the  first  of  the  series.  The  former  consists  of  a  tower  (QL)  filled 
with  coke,  upon  which  a  streauT  of  concentrated  sulphuric  acid  con- 
tinually flows  from  a  tank  (()  placed  at  the  top.  Meeting  the  gases 
issuing  from  the  chambers,  it  absorbs  from  them  the  oxides  of  uitro- 
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gen,  forming  nitrosyl  sulphate,  which  remains  dissolved  in  excess 
of  sulphuric  acid — 

2N0  +  0  +  2H2SO4  =  SNOHSO^  +  H2O. 

In  order  to  recover  the  nitric  oxide  from  this  compound  the  acid 
solution  may  be  decomposed  by  steam,  or  more  generally  it  is  forced 
up  to  a  tank  (t^)  placed  at  the  top  of  another  tower  (G),  filled  with 
flint  stones  and  placed  in  communication  at  the  upper  part  with  the 
hrst  chamber  of  the  series,  and,  at  the  bottom,  connected  with  the 
Hue  leading  from  the  pyrites  burners.  A  second  tank  (t^),  at  the 
top  of  the  same  tower,  is  filled  with  the,  comparatively,  weak  acid 
from  the  chambers.  The  two  liquids  are  allowed  to  flow  in  regu- 
lated streams,  so  as  to  mix  in  the  upper  part  of  the  column  of  stones. 
The  reaction  which  occurs  is  produced  by  the  water  of  the  weaker 
acid  decomposing  the  nitrous  constituent  of  the  stronger,  thus 

2NOHSO4  +  H2O  =  2H2SO4  +  NO2  +  NO. 

The  gases  thus  liberated  are  swept  back  by  the  ascending  current 
of  hot  sulphurous  gas  and  air  and  pass  into  the  leaden  chamber, 
while  the  sulphuric  acid,  deprived  of  nitrogen  compounds,  runs  out 
at  the  bottom  into  the  leaden  evaporating  pan  where  the  process  of 
concentration  goes  forward.  The  former  of  these  for  absorjDtion,  is 
usually  called  the  Gay-Lussac  tower,  and  the  denitrating  column 
having  been  introduced  by  Mr  Glover  a  few  years  ago,  is  generally 
known  by  his  name. 

Experiment. — When  sulphur  dioxide  and  nitrogen  tetroxide  are 
passed  by  separate  tubes  into  a  large  glass  globe,  symptoms  of 
chemical  action  become  immediately  evident,  and  after  a  little  time 
a  white  crystalline  matter  is  observed  to  condense  on  the  sides  of  the 
vessel.  This  substance  consists  of  the  nitrosyl  sulphate  mentioned 
above,  combined  with  varioiis  proportions  of  sulphuric  acid.  If  now 
a  little  water  is  added  to  the  contents  of  the  flask,  the  crystals  dissolve 
with  effervescence,  and  the  gases  present  are  again  reddened  by  the 
production  of  nitric  peroxide. 

It  was  formerly  supposed  that  the  production  of  this  compound 
was  indispensable  to  the  success  of  the  process  of  sulphuric  acid 
making.  Crystals  are,  however,  never  found  in  the  leaden  chambers  ; 
their  production  would  indicate  considerable  deficiency  of  steam. 

Sulphuric  acid  made  by  burning  iron  pyrites,  or  poor  copper  ore, 
or  zinc-blende,  instead  of  Sicilian  sulphur,  very  frequently  contains 
arsenic,  from  which  it  may  be  freed,  however,  by  heating  it  with  a 
sniall  quantity  of  sodium  chloride,  or  by  passing  through  the  heated 
acid  a  current  of  hydrochloric  acid  gas,  whereby  the  arsenic  is  vola- 
tilised as  trichloride. 

The  most  concentrated  sulphuric  acid,  or  oil  of  vitriol,  as  it  is  often 
called,  is  a  definite  combination  of  40  parts  sulphuric  oxide  and 
9  parts  of  water,  and  is  represented  by  the  formula  H20,S03  or 
H^SO.,.    It  is  a  colourless  oily  liquid,  liaving  a  density  of  about 
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1'842,  of  intensely  acid  characters.  Organic  matter  is  rapidly 
charred  and  destroyed  by  it.  At  the  temperature  of  —26°  C. 
(-15°  F.)  it  freezes;  at  327°  C.  (620°  F.)  it  boils,  and  may 
be  distilled.  Oil  of  vitriol  has  a  most  energetic  attraction  for 
Avater ;  it  withdraws  aqneous  vapour  from  the  air,  and  when  it 
is  diluted  with  water,  great  heat  is  evolved,  so  that  the  mixture 
always  requires  to  be  made  with  caution.  Oil  of  vitriol  is  not 
the  only  hydrate  of  sulphuric  oxide  ;  three  others  are  known  to 
exist.  When  the  fuming  oil  of  vitriol  of  Nordhausen  is  exposed  to 
a  low  temperature,  a  white  crystalline  substance  separates,  which  is 
a  hydrate  containing  half  as  much  water  as  the  common  liquid  acid, 
i.e.,  H20,2S03  or  H2S2O7 .  Further,  a  mixture  of  98  parts  of  strong 
liquid  acid  and  18  parts  of  water,  2H20,S03  or  H2S04,H20,  congeals 
or  crystallises  at  a  temperature  above  0°  C,  and  remains  solid  even 
at  7'2°  C.  (45°  F.).  This  is  usually  lmo\vn  as  glacial  sulphuric 
acid.  Lastly,  when  a  very  dilute  acid  is  concentrated  by  evapora- 
tion in  a  vacuum  over  a  surface  of  oil  of  vitriol,  the  evaporation 
stops  when  the  sulphuric  oxide  and  water  bear  to  each  other  the 
l^roportion  of  80  to  54,  answering  to  the  formula  3H,0,S03  or 
H2S04,2H20. 

Sulphuric  acid  acts  readily  on  metallic  oxides,  converting  them 
into  sulphates.  It  also  decomposes  all  carbonates  at  the  common 
temperature,  expelling  carbon  dioxide  with  effervescence.  With  the 
aid  of  heat  it  likewise  decomposes  all  other  salts,  such  as  chlorides 
and  nitrates,  which  yield  acids  more  volatile  than  itself.  The 
sulphates  are  a  A'ery  imjjortant  class  of  salts,  many  of  them  being 
extensively  i;sed  in  the  arts.  Most  sulphates  are  soluble  in  water, 
but  they  are  all  insoluble  in  alcohol.  The  barium,  strontium, 
calcium,  and  lead  salts  are  insoluble,  or  very  slightly  soluble,  in 
water,  and  are  formed  by  precipitating  a  soluble  salt  of  either  of  those 
metals  with  suljahuric  acid  or  a  soluble  metallic  sulphate. 

Experiments.— 1.  Place  in  a  small  beaker  a  few  ounces  of  water, 
then  inclining  it  slightlj^,  pour  in  about  one-fourth  as  much  strong 
sulphuric  acid,  so  that  it  runs  down  the  side  to  the  bottom  of  the 
water.  Note  that  sulphuric  acid  is  nearly  twice  as  dense  as  water. 
Then  with  a  glass  rod  stir  the  two  liquids  together.  Note  that  much 
heat  is  developed.  It  should  be  remembered,  witli  a  view  to  safety, 
that  water  should  never  be  added  to  strong  sulphuric  acid,  and  the 
acid  shoidd  in  no  case  be  added  to  hot  water.  In  either  case  a  violent 
ebullition,  almost  amounting  to  explosion,  may  ensue,  and  the  scald- 
ing liquid  may  be  thrown  out  of  the  vessel. 

2.  Add  more  Avater  to  the  preceding  mixture,  so  as  to  dilute  it 
considerably.  Then  with  the  aid  of  a  brush,  trace  some  characters 
with  this  liquid  upon  a  sheet  of  paper,  and  dry  the  latter  in  an  oven 
or  before  tlie  fire.  The  acid  will  blacken  the  paper.  A  similar 
eifect  is  produced  by  concentrated  svilphuric  acid  upon  wood,  sugar, 
and  other  organic  substances. 

3.  Powder  a  few  crystals  of  blue  vitriol  or  copper  sulphate, 
CuS0.j5ll20,  and  shake  in  a  test-tube  with  suilicient  strong  sulphuric 
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acid  to  make  a  fluid  mixture.  In  a  short  time  the  powder  becomes 
white  in  consequence  of  the  abstraction  of  the  crystalline  water  by 
the  acid. 

4.  Place  about  half  an  ounce  (10  or  15  grams)  of  strong  sulphuric 
acid  in  a  small  beaker,  weigh  the  whole,  and  then  leave  the  acid 
exposed  to  the  air  for  a  few  hours.  Weigh  again,  and  note  the  con- 
siderable increase  of  weight  due  to  absorption  of  water  from  the  air. 

5.  Pour  strong  sulphuric  acid  into  two  dry  test-tubes  till  it 
occupies  about  half  an  inch  at  the  bottom.  Into  each  drop  a  piece 
of  granulated  zinc,  and  observe  that  no  appreciable  action  occurs. 
Now  dilute  the  one  portion  of  acid  with  several  times  its  bulk  of 
water  ;  hydrogen  is  evolved.  Heat  the  other  ;  sulphur  dioxide  is 
evolved. 

6.  To  some  diluted  sulphuric  acid  add  a  solution  of  barium 
chloride  :  a  white  precipitate  of  barium  sulphate  is  formed,  which 
does  not  dissolve  in  hydrochloric  or  nitric  acid.  Apply  the  same 
test  to  sodium  sulphate,  copper  sirlphate,  alum,  and  other  sulphates. 

Disulphuric,  or  Pyrosulpliuric  Acid,  HgSgOy  (also  called 
Fuming  Sulphuric  Acid  and  Nordhausm  Sulphuric  ilctc?).— This  acid, 
contains  the  elements  of  one  molecule  of  sulphuric  oxide  and  one 
molecule  of  sulphuric  acid,  or  of  two  molecules  of  sulphuric  acid 
minus  one  molecule  of  water  : 

HaS.O^  =  S03,H.,S0i  =  2H2SO,  -  H2O. 

It  may  be  obtained  of  definite  composition  and  in  the  crystalline 
form  by  adding  sulphuric  oxide  to  strong  sulphuric  acid,  in  the  pro- 
portion above  indicated.  The  resulting  crystals  melt  at  35°.  It  is 
also  prepared  from  the  impure  ferric  sulphate  obtained  by  exposing 
ordinary  ferrous  sulphate  (green  vitriol)  to  a  moderate  heat  in  con- 
tact with  the  air.  This  ferric  sulphate  is  distilled  in  earthen  retorts 
arranged  in  a  reverberatory  furnace,  and  the  distillate,  consisting 
chiefly  of  sulphuric  oxide,  is  received  in  a  small  quantity  of  water, 
or  more  frequently  in  ordinary  strong  sulphuric  acid.  A  brown 
fuming  liquid  is  thus  obtained,  which  has  a  density  of  1'9,  solidifies 
at  0°  in  colourless  crystals,  and  is  resolved  at  a  gentle  heat  into  SO3 
which  distils  over,  and  HgSOj  which  remains  behind. 

The  manufacture  of  fuming  sulphuric  acid  in  the  manner  just- 
described  was  first  practised  at  Nordhausen  in  Saxony,  and  apj^ears  " 
to  have  been  known  since  the  fifteenth  century  ;  but  it  is  now 
carried  on  almost  exclusively  in  Bohemia.  An  easier  and  more  pro- 
ductive method  of  obtaining  the  sulphuric  oxide  required  for  its 
iorniation  is  that  already  described  (p.  127).  Fuming  sulphuric 
acid  was  until  lately  employed  only  for  dissolving  indigo,  but  it 
IS  now  used  in  very  large  quantities  for  dissolving  anthraquiuone 
for  the  manufacture  of  artificial  alizarin,  a  red  dye  much  used  in 
calico  printing. 

For  this  purpo.se  solutions  of  sulphuric  anhydritle  in  suli)huric 
acid  are  prepared  of  various  strengths.     These  mixtures  present 
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some  curious  anomalies  in  regard  to  their  melting  point.  Thus,  if 
the  projjortion  of  SO3  added  is  30  per  cent,  or  less,  the  product  is 
liquid  ;  the  addition  of  40  to  46  per  cent,  gives  rise  to  a  crystalline 
mass,  probably  consisting  chiefly  of  the  compound  H2SO4.SO3,  which 
contains  nearly  45  per  cent,  of  SO3.  If  now  a  further  quantity  of 
the  anhydride  is  added,  so  as  to  amount  to  60  to  69  per  cent.,  a 
liquid  is  obtained,  whilst  a  further  addition,  amounting  to  72  to  82 
per  cent,  of  SO3,  gives  rise  again  to  a  crystalline  product. 

The  pyrosulphates,  that  of  potassium,  for  example,  which  has  the 
composition  K2S2O7,  or  K2S04,S03,  are  prepared  by  heating  the 
normal  sulphates  with  excess  of  sulphuric  acid  to  low  redness. 
When  strongly  heated,  they  give  off  sulphuric  oxide,  and  are  con- 
verted into  sulphates. 

Hyposulphiirous  Acid,  HgSOa  (also  called  HydrosulpliurovM  Acid). 
— This  acid  is  formed  by  the  action  of  zinc  on  an  aqueous  solution 
of  sulphurous  acid.  The  zinc  dissolves  without  evolution  of  hydro- 
gen, merely  removing  an  atom  of  oxygen.  A  yellow  solution  is 
thereby  formed,  which  possesses  much  greater  decolorising  power 
than  sulphurous  acid  itself,  and  quickly  reduces  the  metals  from 
salts  of  silver  and  mercury.  This  solution  is,  however,  very  un- 
stable, and  quickly  loses  its  bleaching  power.  A  more  definite  pro- 
duct is  obtained  by  immersing  clippings  of  zinc  in  a  concentrated 
solution  of  acid  sodium  sulphite,  NaHS03,  contained  in  a  closed 
vessel,  whereby  sodium  hyj)osulphite,  NaHSOj,  and  zinc-sodiiun 
sulphite,  Na2Zn(S03)2,  are  produced,  the  latter  crystallising  out. 
To  isolate  the  hyposulphite,  the  liquid  is  decanted,  after  about  half 
an  hour,  into  a  flask  three-fourths  filled  with  strong  alcohol,  and  the 
mouth  of  the  flask  is  closed.  A  crystalline  precipitate  immediately 
forms,  consisting  for  the  most  part  of  zinc-sodium  sulphite,  while 
nearly  all  the  hyposulphite  remains  dissolved  in  the  alcohol.  The  solu- 
tion, decanted  into  a  flask  quite  filled  with  it,  well  closed,  and  left  in 
a  cool  place,  solidifies  in  a  few  hours  to  a  mass  of  slender  colourless 
needles,  consisting  of  s  0  d  i  u  m  h  y  p  o  s  u  1  p  h  i  t  e,  which  must  be 
quickly  pressed  between  folds  of  linen,  and  dried  in  a  vacuum,  as  it 
becomes  very  hot  if  exposed  to  the  air  in  the  moist  state  ;  when  dry, 
however,  it  is  not  affected  by  oxygen.  This  salt  is  very  soluble  in 
water,  soluble  also  in  dilute  alcohol,  the  solutions  exhibiting  all  the 
bleaching  and  reducing  properties  above  described.  The  crystals 
when  exposed  to  the  air  are  comi)letely  converted  into  acid  sotlium 
sulphite,  NaHS03.  By  heating  them  with  oxalic  acid,  hyposul- 
l^hurous  acid  is  obtained,  as  a  deep  orange-coloured  strongly  bleach- 
ing liquid,  Avhich  quickly  decomposes,  becoming  colourless,  and 
depositing  sulphur. 

Thiosulphuric  Acid,  H2S2O.J  (formerly  called  Huposulphurons 
Acid). — By  digesting  sulphur  with  a  solution  of  potassium  or  sodium 
sulphite,  a  portion  of  that  substance  is  dissolved,  and  the  liquid,  by 
Blow  evaporation,  yields  crystals  of  thiosulphate. 
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I'lie  important  salt  commonly  knovm.  as  sodium  hyposulphite  or 
briefly  'hypo'  is,  however,  more  commonly  manufactui-ecl  by 
exposing  alkali-maker's  waste  to  the  air  till  partly  oxidised,  then 
extracting  with  water  and  precipitating  with  carbonate  of  sodium. 
After  filtering  off  the  calcium  carbonate  thrown  down,  the  liquid  is 
evaporated  to  a  small  bulk,  and  crystals  consisting  of  Na2S203,5H20 
are  then  deposited. 

Thiosulphuric  acid  is  scarcely  known,  for  it  cannot  be  isolated  ; 
when  hydrochloric  acid  is  added  to  a  solution  of  a  thiosulphate,  the 
acid  of  the  latter  is  almost  instantly  resolved  into  sulphur,  which 
precipitates,  and  sulphurous  acid,  easily  recognised  by  its  odour.  In 
a  very  dilute  solution,  however,  it  appears  to  remain  undecomposed 
for  some  time.  The  alkaline  thiosulphates  readily  dissolve  certain 
salts  of  silver,  as  the  chloride,  which  are  insoluble  in  water—a 
l^roperty  which  has  conferred  upon  them  a  considerable  importance  in . 
relation  to  the  art  of  photography.  They  are  also  much  nsed  as 
'antichlore'  for  removing  the  last  traces  of  chlorine  from 
bleached  goods. 

Thiosulphates  of  the  heavy  metals,  such  as  silver,  copper,  and  lead, 
are  easily  resolved  in  the  presence  of  water  into  metallic  sulphide 
and  sulphuric  acid.    For  example  : 

AggSaOs  +  H2O  =  AgjS  +  H2SO4. 

Seleniosulph.uric  or  TMoselenic  Acid,  H2SeS03. — The  salts  of 
this  acid,  having  the  composition  of  sulphuric  acid  iu  which  1  atom 
of  oxygen  is  replaced  by  selenion,  are  formed  by  direct  addition  of 
selenion  to  sulphites.  When  selenion  is  digested  with  a  solution  of 
neutral  potassium  sulphite,  and  the  easily  decomposible  liquid,  after 
being  filtered  from  the  selenion  which  separates  on  cooling  and 
dilution  with  water,  is  left  to  evaporate  at  ordinary  temperatures, 
there  crystallises  out,  first  a  sparingly  soluble  seleniferous  salt  in 
small  shining  prisms,  afterwards  a  much  more  soluble  salt,  which  is 
the  chief  product  of  the  reaction,  while  the  excess  of  sulphite  remains 
in  the  motlier-liqucr. 

Potassium  seleniosulphate,  K2SeS03,  crystallises  readily,  even  from 
small  quantities  of  solution,  in  large,  very  thin,  six-sided  tables 
belonging  to  the  rhombic  system,  which  deliquesce  in  moist  air,  and 
effloresce  with  partial  loss  of  water  over  oil  of  vitriol.  Water  preci- 
pitates a  portion,  and  acids  throw  down  the  whole,  of  the  selenion 
from  the  aqueous  solution  ;  barium  chloride  and  baryta  water  preci- 
pitate barium  sulphite  and  selenion  ;  calcium  and  manganese  salts 
give  rise  to  a  similar  decomposition.  With  ammoniacal  silver  solu- 
tion the  seleniosulphate  forms  a  precipitate  of  silver  selenide 
together  with  potassium  sulphate  : 

K2SeS03  +  AgaO  =  Ag2Se  +  K2SO4 . 

Dithionic,  or  Hyposulphuric  Acid,  IL^S^O,,. — This  acid  is  pre- 
pared by  suspending  finely  divided  manganese  dioxide  in  water  arti- 
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ficially  cooled,  and  passing  a  stream  of  sulphur  dioxide  through  the 
liquid;  Mu02+2S02  =  MnS20g.  The  manganese  dithionate  thus 
prepared  is  decomposed  by  a  solution  of  pure  barium  hydrate  ;  and 
the  barium  salt,  in  turn,  by  enough  sulphuric  acid  to  precipitate  the 
barium.  The  solution  of  dithionic  acid  may  be  concentrated  by 
evaporation  in  a  vacuum,  until  it  acquires  a  density  of  r347  ;  on 
further  concentration,  it  decomposes  into  sulphuric  and  sulphurous 
acids.  It  has  no  odour,  is  very  sour,  and  forms  soluble  salts  with 
baryta,  lime,  and  lead  oxide. 

Trithionic  Acid,  H.^SaOg. — A  salt  of  this  acid  is  formed  by  gently 
heating  with  sulphur  a  solution  of  potassium  acid  sulphite  : 
2KHSO3  +  2S  =  K2S3OB  +  H2S.  It  is  also  produced  by  the 
action  of  sulphur  dioxide  on  potassium  thiosulphate :  2K2S2O3  + 
3SO2  =  2K2S3OQ  +  S.  Its  salts  bear  a  great  resemblance  to  those 
of  thiosulphuric  acid,  but  differ  completely  in  composition,  while  the 
acid  itself  is  not  quite  so  prone  to  change.  It  is  obtained  by 
decomposing  the  potassium  salt  with  hydrotluosilicic  acid  :  it  may 
be  concentrated  under  the  receiver  of  the  air  pump,  but  is  gradually 
decomposed  into  sulphurous  and  sulphuric  acids,  and  free  sulphur. 

Tetrathionic  Acid,  HjS^Og. — When  iodine  is  added  to  a  solution 
of  a  thiosulphate,  a  clear  colourless  solution  is  obtained,  which,  besides 
iodide,  contains  a  tetrathionate  for  example  :  2BaS203  +  lo  = 
Bal2  +  BaS40g.  By  suitable  means,  the  acid  can  be  eliminated, 
and  obtained  in  a  state  of  solution.  It  very  closely  resembles 
dithionic  acid. 

Pentathionic  Acid,  112850^. — This  acid  was  discovered  by 
Wackenroder,  who  formed  it  by  the  action  of  hydrogen  suljihide 
on  sulphurous  acid  :  5H2SO3  +  5H2S  =  H.^fi^  +  9RjO  +  S5.  This 
liquid,  however,  contains  the  other  polythionic  acids  which  are  all 
decomposed  by  hydrogen  sulphide,  so  that  if  the  action  of  the  latter 
is  continued,  sulphur  and  water  are  the  only  final  products.  Penta- 
thionic acid  is  colourless  and  inodorous,  of  acid  and  bitter  taste,  and 
capable  of  being  concentrated  to  a  considerable  extent  by  cautious 
evaporation. 

Under  the  influence  of  heat,  it  is  decomposed  into  sulphur,  sul- 
phurous and  sulphuric  acids,  and  hydrogen  sulphide.  The  salts  of 
pentathionic  acid  are  nearly  all  soluble.  The  potassium  salt  crystal- 
lises in  prisms  consisting  of  21^28^,0^,.  3H2O  ;  the  copper  salt  forms 
small,  fine  blue  crystals,  containing  CuS.-Ob.  4H2O. 

An  ammoniacal  solution  of  silver  nitrate  causes  in  a  solution  of 
soluble  pentathionate  a  brown  coloration,  and  by  degrees  a  black 
precipitate  is  thrown  down  from  the  mixture.  This  reaction  is  not 
produced  in  a  solution  of  tri-  or  tetrathionate,  thiosulphate  or  sul- 
phite (Debus).  Alkalis  added  to  a  solution  of  a  pentathionate  cause 
an  immediate  precipitate  of  sulphur,  but  potassium  pentathionate  may 
be  recrystallised  without  change  from  solutions  acidified  with  sul- 
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pliuric  or  acetic  acid.  Pentathionate  is  also  formed  by  the  regulated 
action  of  hydrogen  sulphide  upon  soluble  dithionates  and  tetrathio- 
nates. 

Oxychlorides.  —  1.  Sulphurous  oxychloride  or  Tliionyl 
chloride,  SOCl.,. — This  compound  is  derived  from  sulphurous  acid, 
SO3H3  or  S0(H0)2,  by  the  substitution  of  2C1  for  2H0.  It  is  formed 
by  the  action  of  water,  alcohols,  acids,  etc.,  on  the  chlorides  of 
sulphur  ;  but  is  more  easily  prepared  by  the  action  of  phosphorus 
pentachloride  on  sulphurous  oxide,  or  by  that  of  phosphorus  oxy- 
chloride on  calcium  sulphite : 

SO2       +  PCI5     =  POCI3    +  SOCl.,. 
SCaSOg  +  2POCI3  =  CaaPgOg  +  SSOClg . 

It  is  sejDarated  by  distillation  from  the  fixed  calcium  phosphate  pro- 
duced simultaneously  in  the  second,  and  by  fractional  distillation 
from  the  phosphorus  oxychloride  produced  in  the  first  reaction. 

Sulphurous  chloride  is  a  colourless,  strongly  refracting  liquid, 
which  boils  at  82°.  It  is  decomposed  by  water,  yielding  hydro- 
chloric and  sulphurous  acids  ;  and  by  alcohols  with  formation  of 
alcoholic  chlorides  and  sulphurous  acid,  thus  : 

SOCI2  +  2B..fi  =  2HC1       +  H.,S03 

SOCI2  -1-  2(C2H5)HO  =  2a^,C\   +  H2SO3. 
Ethyl  alcohol.     Ethyl  chloride. 

Sulphuric  oxychloride,  or  Sul'phuryl  chloride,  SOjClg,  is  formed  by 
prolonged  exposure  of  a  mixture  of  chlorine  and  sulphurous  oxide 
gases  to  strong  sunshine,  or  by  bringing  these  two  gases  together  in 
the  presence  of  some  solvent  of  both,  such  as  melted  camphor  or 
glacial  acetic  acid ;  but  it  is  best  prepared  by  heating  the  next  com- 
pound in  a  sealed  tube  for  some  hours  to  200°,  and  distilling  the 
resulting  liquid,  collecting  the  portions  which  come  over  at  about  70°. 

Sulphuric  oxychloride  is  a  colourless  fuming  liquid,  of  density  1'66. 
It  boils  at  70°,  and  may  be  distilled  unchanged  over  caustic  lime  or 
baryta.  When  poured  into  water,  it  sinks  in  the  form  of  oily  drops, 
which  gradually  disappear,  being  converted  into  hydrochloric  and 
sulphuric  acids  : 

S0ijGl2  +  2H2O  =  2HC1  +  H2SO4 . 

With  alcohol  it  behaves  in  a  similar  manner,  thus  : 

SO2CI2  +  2(C2Hb)HO  =  2C2H5CI  -1-  HjSO^. 

In  the  actual  reaction,  however,  the  sulphuric  acid  is  converted  into 
ethylsulphuric  acid  by  the  intervention  of  another  molecule  of  alcohol : 

H2SO,,  -f-  (C2H,)H0  =  H2O  +  (C2H,)HS0,. 

Sulphuric  Hydroxichloride  or  Sulphuric  Ghlorhydrin,  HCISO3,  or 
S02(H0)C1  (also  called  Chloromlphonic  Acid). — This  compound  is 
intermediate  in  composition  between  sulphuric  acid  and  sulphuric  oxy- 
chloride, and  is  derived  from  sulphuric  acid,  SO4H2  or  S02(HO)2,  by 
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the  suhstitution  of  CI  for  HO.  It  is  the  chief  product  of  the  action 
of  ijhosphorus  pentachloride  on  strong  sulphuric  acid  : 

SO,(HO)(HO)  +PCI5  =  POCI3  +  HCl  +  S0,(H0)C1, 

It  may  also  be  obtained  pure  by  treating  sulphuric  acid  with  phos- 
phorus oxychloride,  hydrochloric  and  metaphosphoric  acid  being 
produced  at  the  same  time  : 

2S02(HO)(HO)  +  POCI3  =  2S02(H0)C1  +  HCl  +  HPO3. 

It  is  also  formed  by  the  action  of  a  limited  quantity  of  water  on 
siilphuric  oxychloride  : 

SO2CI2  +  H2O  =  HCl  +  HCISO3, 

and  by  direct  combination  of  sulphur  trioxide  and  hj'drochloric 
acid. 

Sulphuric  hydroxychloride  is  a  colourless  liquid,  which  boils  at 
about  150°,  being  at  the  same  time  partially  resolved  into  sulphuric 
acid  and  sulphuric  chloride  :  2HCISO3  =  H2SO4  +  ClgSOg.  It  is 
violently  decomposed  by  water,  with  formation  of  hydrochloric  and 
sulphuric  acids.  It  forms  definite  salts  in  which  its  hydrogen  is 
replaced  by  metals.  Thus  it  dissolves  sodium  chloride  at  a  gentle 
heat,  with  evolution  of  hydrochloric  acid,  and  formation  of  the  salt 
NaClSOg. 

Fyrosulphuric  oxychloride,  S2O5CI2  or  (S02C1)20.  This  compound 
is  formed  on  heating  together  phosphorus  pentachloride  and  sul- 
phur trioxide  : 

PCI5  +  2SO3  =  S2O5CI2  +  POCI3, 

and  by  the  action  of  phosphorus  pentachloride  on  sulphuric  hydroxy- 
chloride : 

PCI5  +  2SO2CIOH  =  (S02C1)20  +  POCI3  +  2HC1. 

It  is  a  colourless  oily  liquid  of  density  1'819  at  18°,  boiling  at  146°. 
In  contact  with  water  it  decomposes  slowly  and  noiselessly,  and  is 
thus  distinguished  from  sulphuric  hydroxychloride,  which  is  rapidly 
decomposed,  with  almost  explosive  violence,  when  thrown  into 
water. 

Persulphuric  Acid  and  PersvJphates,  M'jSoOg. — When  a  solu- 
tion of  acid  potassium  sulphate  is  subjected  to  electrolysis,  the  salt 
undergoes  oxidation  at  the  positive  pole,  thus  : 

2HKSO4  +  0  =  H2O  +  K2S2OS. 

Potassium  persulphate  is  s^mringly  soluble  and  crystallises  in  tabular 
crystals.  Other  salts  have  been  obtained  in  a  similar  manner,  the 
acid  itself  being  formed  during  the  electrolysis  of  dilute  sulphuric 
acid.  The  persulphates  are  all  unstable,  and  upon  the  application 
of  heat  give  ofl'  ox,ygen  gas  :  hence  they  all  possess  strong  oxidising 
powers,  liberating  chlorine,  bleaching  organic  colouring  matters,  and 
giving  precipitates  of  peroxides  when  added  to  solutions  of  the  lieaAy 
uietala,  such  as  iron,  copper,  nickel,  cobalt. 
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SELENION. 

Symbol,  Se.   Atomic  weight,  79.   Vapour-density,  79. 

This  substance,  much  resembling  sulphur  in  its  chemical  relations, 
occurs  frequently,  associated  in  small  quantities  with  that  element, 
or  replacing  it  in  certain  metallic  combinations,  as  in  the  lead 
selenide  of  Clausthal  in  the  Hartz.  To  separate  it,  the  pulverised 
ore  is  treated  with  hydrochloric  acid  to  dissolve  earthy  carbonates, 
and  the  washed  and  dried  residue  is  ignited  for  some  time  with  an 
equal  quantity  of  black  flux  (a  mixture  of  potassium  carbonate  and 
charcoal).  The  selenion  is  thereby  converted  into  potassium  selenide, 
which  by  treatment  with  boiling  water  is  dissolved  away  from  the 
oxides  formed  at  the  same  time.  The  solution  when  exposed  to  the 
air  absorbs  oxygen,  and  yields  the  selenion  as  a  grey  deposit,  which 
may  be  purified  by  washing,  drying,  and  distillation. 

A  better  method  consists  in  turning  to  account  the  reddish  deposit 
formed  in  the  flues,  and  in  the  Glover  tower  when  seleniferous  pyrites 
is  employed  for  the  manufacture  of  sulphuric  acid.  This  deposit  is 
oxidised  into  selenic  acid,  H2Se04,  by  boiling  with  nitric  acid.  The 
solution  thus  obtained  is  reduced  to  selenious  acid  when  boiled  with 
strong  hydrochloric  acid,  and  from  this  the  selenion  can  be  precipi- 
tated by  sulphur  dioxide  : 

'    HgSeOs  +  2SO2  +  H2O  =  Se  +  2H2SO4 . 

Selenion,  like  sulphur,  exists  in  several  allotropic  modifications, 
some  of  which  are  distinguished  by  being  soluble,  others  by  being 
insoluble  in  carbon  bisulphide  a.  Soluble  modifications :  selenion  in 
this  form  is  obtained  as  a  finely  divided  brick -red  powder  on  passing 
a  current  of  sulphur  dioxide  into  a  cold  solution  of  selenious  acid, 
or  as  a  black  crystalline  powder  when  the  same  gas  is  passed  through 
a  hot  solution  of  the  acid.  It  crystallises  from  solution  in  carbon 
sulphide  in  small  dark  red  monoclinic  crystals,  isomorphous  with 
monoclinic  sulphur,  and  having  a  density  of  4'5.  It  has  no  definite 
melting  point,  but  softens  gradually  when  heated. — p.  Insoluble 
Selenion  is  obtained  by  quickly  cooling  melted  selenion  to  210°,  and 
keeping  the  melted  mass  at  this  temperature  for  some  time,  where- 
upon it  ultimately  solidifies  to  a  granular  crystalline  mass,  the 
temperature  then  suddenly  rising  to  217°.  The  solid  selenion 
thus  obtained  has  a  density  of  4'8,  and  is  insoluble  in  carbon 
sulphide.  It  melts  constantly  at  217°,  and  is  converted  by  rapid 
cooling  into  the  amorphous  soluble  variety.  Both  modifications 
dissolve  in  selenion  chloride,  the  selenion  separating  therefrom  in 
the  insoluble  form,  Selenion  boils  somewhat  below  700°,  forming  a 
dark  red  vapour,  which  condenses  either  in  the  form  of  scarlet 
'  Mowers,'  or  in  dark  shining  drops. 

The  vapour-density  of  selenion,  like  that  of  sulphur,  diminishes 
very  rapidly  as  its  temperature  rises,  being  110-7  (hydrogen  being 
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taken  as  unity)  at  860°,  and  81-5  at  1420°,  wlucli  does  not  differ 
greatly  from  the  theoretical  density. 

Elemental  selenion  conducts  electricity,  and  its  conducting  power 
is  increased  by  exposure  to  light,  and  diminished  by  heating.  Ex- 
posure to  diffused  daylight  immediately  diminishes  the  electrical 
resistance  of  selenion  to  one-half  of  what  it  was  before,  but  on  cut- 
ting off  the  light,  the  resistance  slowly  increases,  and  soon  reaches 
its  original  amount. 

Selenion  when  heated  in  the  air  bums  with  a  pale  blue  flame, 
emitting  an  odour  of  decayed  horse-radish,  due  to  the  formation  of 
an  oxide. 

Hydrogen  Selenide,  HgSe. — This  compound  is  formed  by  the 
action  of  dilute  sulphuric  acid  on  selenide  of  potassium  or  iron. 
It  is  very  much  like  hydrogen  sulphide,  being  a  colourless  gas,  freely 
soluble  in  water,  and  decomposing  metallic  solutions,  with  formation 
of  insoluble  selenides.  It  acts  very  powerfully  on  the  mucous 
membrane  of  the  nose,  exciting  catarrhal  symptoms  and  temporarily 
destroying  the  sense  of  smell. 

Selenion  Chlorides.  — The  protochloride,  Se2Cl2,  formed  by  passing 
chlorine  gas  over  selenion,  is  a  brown  oily  liquid,  which  readily 
dissolves  selenion  and  deposits  it  in  the  insoluble  form  on  cooling. 
It  is  slowly  decomposed  by  water,  yielding  selenious  acid,  hj-dro- 
chloric  acid,  and  free  selenion :  2Se2Cl2  +  3H2O  =  HoSe03  +  3Se 
-t-4HCl. 

The  tetrachloride,  SeCl4,  is  obtained  by  the  further  action  of 
chlorine  on  the  protochloride,  or  by  heating  the  dioxide  with  phos- 
phorus pentachloride  :  3Se02  +  3PCl5  =  3SeCl4  +  P20g-|-POCl3.  It 
is  a  white  solid  body,  which,  when  heated,  volatilises  without  pre- 
vious fusion,  and  sublimes  in  small  crystals.  It  dissolves  in  water, 
forming  hydrochloric  and  selenious  acids  :    SeOl^  +  SHjO  =  4HC1 

Selenion  Bromides. — The  protobromide,  Se2Br2,  formed  by  heat- 
ing together  equal  weights  of  bromine  and  selenion,  is  a  black  semi- 
opaque  liquid,  having  a  density  of  3'6  at  15°.  It  smells  like 
sulphur  protochloride,  and  stains  the  skin  brown  red.  It  is  decom- 
posed by  heat  and  by  the  action  of  water,  yielding  in  the  latter  case 
hydrobromic  and  selenious  acids. — The  tetrabromide,  SeBr^,  formed 
by  the  further  action  of  bromine  on  the  protobromide,  is  an  orange- 
red  crystalline  powder,  which  volatilises  without  decomposition 
between  75°  and  80°,  and  sublimes  in  black  hexagonal  scales.  It 
smells  like  sulphur  chloride,  decomposes  in  moist  air  into  bromine 
and  the  protobromide,  and  dissolves  in  excess  of  water,  with  forma- 
tion of  hydrobromic  and  selenious  acids. 

Selenion  Iodides.— The  proto-iodidc,  Sejlo,  formed  by  direct 
combination,  is  a  black  shining  crystalline  Body  melting  at  68-70°, 
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with  slight  evoUUion  of  iodine.  It  is  resolved  into  its  elements  at  a 
higher  temperature,  and  is  decomposed  by  water  like  the  correspond- 
ing chloride  and  bromide. — The  tetra-iodide,  Sel^,  is  a  dark-coloured 
granular  crystalline  mass,  melting  at  75-80°  to  a  brownish-black 
liquid,  translucent  in  thin  films.  At  a  higher  temperature  it  is 
resolved  into  its  elements. 

Oxides  and  Oxy-acids  of  Selenion.  —  Two  oxides  of  selenion 
are  known.  The  one  containing  the  smaller  proportion  of  oxygen  is 
formed  by  the  imperfect  combustion  of  selenion  in  air  or  oxygen  gas. 
It  is  a  colourless  gas,  which  is  the  source  of  the  peculiar  horse-radish 
odour  above  mentioned.    Its  composition  is  not  known. 

The  higher  oxide,  selenious  oxide  or  selenion  dioxide, 
SeOj,  is  produced  by  burning  selenion  in  a  stream  of  oxygen  gas.  It 
is  a  white  solid  substance,  which  absorbs  water  rapidly,  forming 
selenious  acid. 

Selenious  acid,  HoSeO,  or  HaOjSeOj. — This  acid  is  also  produced 
by  dissolving  selenion  in  nitric  or  nitromuriatic  acid.  It  is  deposited 
from  its  hot  aqueous  solution  by  slow  cooling  in  prismatic  crystals 
like  those  of  saltpetre ;  but  when  the  solution  is  evaporated  to  dry- 
ness, the  selenious  acid  is  resolved  into  water  and  selenious  oxide, 
which  sublimes  at  a  higher  temperature. 

Selenious  acid  is  a  very  powerful  acid,  approximating  to  sulphuric 
acid  in  the  energy  of  its  reactions.  It  reddens  litmus,  decomposes 
carbonates  with  effervescence,  and  decomposes  nitrates  and  chlorides 
with  the  aid  of  heat.  Its  solution  precipitates  lead  and  silver  salts, 
and  is  decomposed  by  hydrogen  sulphide,  yielding  a  precipitate  of 
selenion  sulphide  :  H2Se03  +  2H2S  =  3H2O  +  SeSg. 

Selenious  acid  though  the  analogue,  in  regard  both  to  composition 
and  properties,  of  sulphurous  acid,  is  much  more  stable  than  that 
substance. 

The  metallic  selenites  resemble  the  sulphites.  When  heated  with 
sodium  carbonate  in  the  inner  blow-pipe  flame,  they  emit  the  char- 
acteristic odour  of  selenion.  They  are  not  decomposed  by  boiling 
with  hydrochloric  acid. 

Selenic  acid,  H2Se04,  is  analogous  in  composition  to  sulphuric 
acid.  The  corresponding  anhydrous  oxide,  SeO,,  is  not  known. 
Selenic  acid  is  prepared  by  fusing  potassium  or  sodium  nitrate  with 
selenion,  precipitating  the  selenate  so  produced  with  a  lead  S£ilt,  and 
decomposing  the  resulting  compound  with  hydrogen  sulphide.  The 
acid  strongly  resembles  oil  of  vitriol;  but  when  very  much  concen- 
trated, it  is  decomposed  by  heat  into  selenious  acid  and  oxygen.  Tlie 
selenates  bear  the  closest  analogy  to  the  sulphates  in  almost  every 
particular.  They  are  decomposed  l)y  boiling  with  hydrochloric  acid, 
with  evolution  of  chlorine  and  formation  of  a  metallic  selenite. 

Selenio-sulphuric  acid,  HgSeSOg,  corresponding  in  constitution  to 
thiosulphuric  acid,  is  formed  as  an  alkaline  salt  by  boiling  amorphous 
selenion  with  an  alkaline  sulphite.  A  compound  is  also  known 
H2SeS20o,  corresponding  to  trithionic  acid,  llaSsOfl. 
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TELLURIUM. 

Symbol,  Te.    Atomic  weight,  126  (?).    Vapour-density,  126  (?). 

This  element  possesses  many  of  the  characters  of  a  metal,  but  it 
bears  so  close  a  resemblance  to  selenion,  both  in  its  physical  pro- 
perties and  its  chemical  relations,  that  it  is  most  appropriately 
placed  in  the  same  group  with  that  body.  Tellurium  is  found  in  a 
few  scarce  minerals,  in  association  witb  gold,  silver,  lead,  and  bismuth, 
apparently  replacing  sulphur,  and  is  most  easily  extracted  from  the 
bismuth  sulplio-telluride  of  Chemnitz  in  Hungary.  The  finely 
powdered  ore  is  mixed  with  an  equal  weight  of  dry  sodium  carbonate, 
and  the  mixture,  made  into  a  paste  with  oil,  is  heated  to  whiteness  in  a 
closely  covered  crucible.  Sodium  telluride  and  sulphide  are  thereby 
produced,  and  metallic  bismuth  is  set  free.  The  fused  mass  is  dis- 
solved in  water,  and  the  solution  freely  exposed  to  the  aii",  when  the 
sodium  and  sulphur  oxidise  to  sodium  hydroxide  and  thiosulphate, 
while  the  tellurium  separates  in  the  metallic  state. 

Tellurium  has  the  colour  and  lustre  of  silver  ;  by  fusion  and  slow 
cooling,  it  may  be  made  to  exhibit  the  form  of  rhombohedral  crystals, 
similar  to  those  of  antimony  and  arsenic.  It  is  brittle,  and  a  com- 
paratively bad  conductor  of  heat  and  electricity  ;  it  has  a  density  of 
6*26,  melts  at  a  little  below  a  red-heat,  and  volatilises  at  a  higher 
temperature.  Tellurium  burns  when  heated  in  the  air,  and  is 
oxidised  by  nitric  acid. 

Hydrogen  Telluride,  HjTe. — This  compound  is  a  gas,  resembling 
hydrogen  sulphide  and  selenide.  It  is  prepared  by  the  action  of 
hydrochloric  acid  on  zinc  telluride.  It  dissolves  in  water,  forming  a 
colourless  liquid,  which  precipitates  most  metals  from  their  solutions, 
and  deposits  tellurium  on  exposure  to  the  air. 

Tellurixim  Chlorides.— Tellurium  forms  a  dichloride,  TeClj,  and 
a  tetrachloride,  TeCl^,  both  volatile  and  decomposible  by  excess  of 
water,  the  latter  being  completely  resolved  into  tellurous  and  hydro- 
chloric acids  :  TeCl4-t-3H20=4HCl+H2Te03. 

The  tetrachloride  unites  with  the  chlorides  of  the  alkali-metals, 
to  form  crystallisable  double  salts. 

The  bromides  and  iodides  of  tellunum  correspond  with  the  chlorides 
in  properties  and  composition. 

Oxides  and  Oxy-acids  of  Tellm-ium. — Tellurium  forms  two 
oxides,  analogous  in  composition  to  the  oxides  of  sulphur,  and  like- 
wise forming  acids  by  combination  with  Avater. 

Telhirous  Oxide,  Te02,  may  be  prepared  by  heating  the  precipitated 
acid  to  low  redness.  It  also  separates  in  semi-crystalline  grains  from 
the  aqueous  solution  of  the  acid  when  gently  heated  ;  more  abun- 
dantly and  in  well-defined  octahedrons  from  the  solution  of  tellurous 
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acid  in  nitric  acid.  It  is  fusible  and  volatile,  slightly  soluble  in 
water,  but  does  not  redden  litmus.  When  fused  with  alkaline 
hydroxides  or  carbonates,  it  forms  tellurites. 

Tellurous  Acid,  HgTeOg,  is  best  obtained  by  decomposing  tellurium 
tetrachloride  with  water.  It  may  also  be  prepared  by  dissolving 
tellurium  in  nitric  acid  of  sp.  gr.  1'25,  and  pouring  the  solution,  after 
a  few  minutes,  into  a  large  quantity  of  water.  By  either  process  it 
is  obtained  as  a  somewhat  bulky  precipitate,  which,  when  dried 
over  oil  of  vitriol,  appears  as  a  light,  white,  earthy  mass  having  a 
bitter  metallic  taste.  It  is  slightly  soluble  in  water,  more  easily 
soluble  in  alkalis  and  acids,  the  nitric  acid  solution  alone  being 
unstable.  Sulphurous  acid,  zinc,  phosj^horus,  and  other  reducing 
agents,  precipitate  metallic  tellurium  from  the  acidified  solution  of 
tellurous  acid.  Like  selenious  acid,  it  is  decomposed  by  hydrogen 
suljihide  and  alkaline  hydrosulphides,  with  formation  of  a  dark 
brown  tellurium  sulphide,  TeSg,  which  dissolves  readily  in  excess  of 
alkaline  hydrosulphide,  forming  a  thiotellurite,  M'2TeS3. 

Tellurous  acid  is  a  hydroxide  in  which  the  acid  and  basic  ten- 
dencies are  nearly  balanced  ;  in  other  words,  the  tellurium  of  the 
compound  can  replace  the  hydrogen  of  an  acid  to  form  tellurous 
salts,  and  the  hydrogen  can  be  replaced  by  the  basylous  metals  to 
form  metallic  tellurites. 


Tellurium  Salts. 

Chloride. 
Sulphate. 


TeCl^ 

Te(SO,), 
_   


Te(N03,., 


Nitrate. 
Oxalate. 


Tellurites. 

HgTeOj       Hydrogen  tellurite. 

KgTeO,       Potassium  tellurite. 

IIKTeOa  Hydrogen  and  potas- 
sium tellurite. 

H3K(Te03)2  Trihydropotassic  tel- 
lurite. 


The  tellurites  of  potassium,  sodium,  barium,  strontium,  and 
calcium  are  formed  by  fusing  tellurous  oxide  or  acid  with  the 
carbonates  of  the  several  metals  in  the  required  proportions. 
These  tellurites  are  all  more  or  less  soluble  in  water.  The  tellurites 
of  the  other  metals,  which  are  insoluble,  are  obtained  by  preci- 
pitation. 

Compounds  of  tellurous  oxide  with  the  halogen  acids  are  also 
known.  When  this  oxide  is  exposed  to  the  action  of  gaseous  hydrogen 
bromide  hi  a  vessel  cooled  to  -14°,  the  compound  TeOgiSHBr  is 
formed  in  groups  of  small  nearly  black  scales  resembling  iodine.  At 
40°  this  compound  gives  off  HBr,  and  is  reduced  to  TeOj.SHBr, 
which,  when  heated  to  300°,  is  resolved  into  water  and  a  yellow 
oxybromide  :  Te02,2HBr  =  H20  +  TeOBr2 ;  and  at  a  still  higher 
temperature  this  oxybromide  is  decomposed  into  the  tetra- 
bromide  and  tellurous  oxide:  2TeOBr2  =  TeBr,-t-Te02.  The 
tetrabromide  passes  off  in  black  vapours  and  crystallises  on  cooling 
in  dark  brown  needles. 
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Telluroiis  oxide  is  decomposed  by  hydriodic  acid  at  ordinary 
temperatures,  but  absorbs  it  at  - 15°,  forming  a  compound  which 
decomposes  as  the  temperature  rises.  Tellurous  oxide  likewise 
absorbs  anhydrous  hydrofluoric  acid. 

Telluric  Oxide  and  Acid. — To  prepare  telluric  acid,  equal  parts 
of  tellurous  oxide  and  sodium  carbonate  are  fused,  and  the  product 
is  dissolved  in  water ;  a  little  sodium  hydroxide  is  added,  and  a 
stream  of  clilorine  passed  through  the  solution.  The  liquid  is  next 
saturated  with  ammonia,  and  mixed  with  solution  of  barium  chloride, 
by  which  a  white  insoluble  precipitate  of  barium  tellurate  is  thrown 
down.  This  is  washed  and  digested  with  a  quarter  of  its  weight  of 
sulphuric  acid,  and  diluted  with  water.  The  filtered  solution  gi^'es, 
on  evaporation  in  the  air,  large  crystals  of  telluric  acid,  which  haA'e 
the  composition,  H2Te04,2H20. 

CrystaUised  telluric  acid  is  freely,  although  slowly,  soluble  in 
water  :  it  has  a  metallic  taste,  and  reddens  litmus  paper.  The 
crystals  give  off  their  water  of  crystallisation  at  100°,  and  the  re- 
maining acid,  H2Te04,  when  strongly  heated,  gives  off  more  water, 
and  yields  the  anhydrous  oxide,  Te03,  which  is  then  insoluble  in 
Avater,  and  even  in  a  boiling  alkaline  liquid.  At  the  temperature  of 
ignition,  telluric  oxide  loses  oxygen,  and  passes  into  tellurous  oxide. 

The  tellurates  of  the  alkali-metals  are  soluble  in  water,  and  are 
prepared  by  dissolving  the  required  quantities  of  telluric  acid  and  an 
alkaline  carbonate  in  hot  water.  The  other  tellurates  are  insoluble, 
and  are  obtained  by  i^recipitation. 

The  comjiosition  of  the  alkaline  tellurates  is  exhibited  by  the 
following  formulaj : — 

Neutral  potassic  tellurate,   K^TeCj 

Acid  or  hydro-potassic  tellurate,   HKTeO^ 

Superacid  or  trihydro-potassic  tellurate,    .    .  HKTe04,H2Te04 

Anhydrous  quadritellurate,   K2Te04,3Te03 . 

Tellurium  Sulphides. — Tellimum  forms  tAvo  sulphides,  TeSo 
and  TeSg,  analogous  in  composition  to  the  oxides  ;  they  are  obtained 
by  the  action  of  hydrogen  sulphide  on  solutions  of  tellurous  acid  and 
telluric  acid  respectively.  They  are  brown  or  black  substances, 
which  unite  with  metallic  sulphides,  forming  salts  called  thio- 
tellurites  and  thiotellu  rates. 
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NITROGEN  COMPOUNDS. 

Compounds  of  Nitrogen  and  Hydrogen. 

Ammonia,  NH3. — This  important  compound  was  recognised  as 
a  distinct  substance  by  Priestley  in  1774,  who  called  it  ctlkaline  air. 
It  has,  however,  long  been  known  in  the  pungent  liquid  still  fre- 
([uently  called  spirit  of  hartshorn,  which  was  formerly  obtained  in  an 
impure  state  by  distilling  horn  and  separating  the  alkaline  watery 
liquid  from  the  tar  which  comes  over  at  the  same  time.  The  word 
ammonia  is  said  to  be  derived  from  sal-ammoniac,  so  called  from  the 
district  in  Egypt  near  the  temple  of  Jupiter  Amnion,  where  it  was 
formerly  made  by  heating  the  soot  produced  in  burning  camel's  dung. 

When  powdered  sal-ammoniac  is  mixed  with  moist  calcium 
hydrate  (slaked  lime)  and  gently  heated  in  a  glass  flask,  a  large 
quantity  of  gaseous  matter  is  disengaged,  which,  in  consequence  of 
its  solubility  in  water,  must  be  collected  over  mercury,  or  by  dis- 
placement, advantage  being  taken  of  its  relatively  low  density. 

Ammonia  thus  obtained  is  a  colourless  gas  ;  it  has  a  strong  pungent 
odour,  and  possesses  in  an  eminent  degree  those  properties  to  which 
the  term  alkaline  is  applied  ;  that  is  to  say,  it  turns  the  j'^ellow  colour 
of  turmeric  to  brown,  that  of  reddened  litmus  to  blue,  and  combines 
readily  with  acids,  neutralising  them  completely.  Ammonia  has  a 
density  0'589  ;  a  litre  weighs  0'7627  gram.  Water  at  0°  and  760  mm. 
pressure  dissolves  1148-8 
times  its  volume  of  this 
gas,  forming  a  solution 
which,  iia  a  more  dilute 
state,  has  long  been  known 
under  the  name  of  liquor 
ammoniee ;  by  heat  the 
greater  part  is  again  ex- 
pelled. 

The  aqueous  solution  of 
ammonia  is  prepared  as 
follows  : — 

Experiment.  —  Equal 
weights  of  sal-ammoniac 
(NH^Cl)  and  quicklime 
(CaO)  are  taken  ;  the  lime 
is  slaked  in  a  basin,  and 
the  salt  reduced  to  powder. 
These  are  mixed  and  intro- 
duced into  a  large  flask  connected  with  a  wash-bottle  and  a  receiver 
contaunng  water.  The  figure  shows  the  arrangement  of  the  apparatus, 
and  the  bent  tube  containing  a  globule  of  mercury  Avhich  acts  as  a 
satety-valye.  A  little  water  is  added  to  the  mixture,  just  cnougli 
to  f  ani])  It  and  cause  it  to  aggregate  into  lumps.  On  cautiously 
applying  htat  to  the  flask,  ammonia  is  disengaged  very  regularly 
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and  ttnifornily,  while  calcium  chloride  (CaCl,)  and  eicess  of  calcium 
hydroxide  (slaked  lime)  remain  in  the  iiask. 

The  decomposition  of  the  salt  is  represented  by  the  equation : 

2NH^C1  +  Ca(H0)2  =  2NH3  +  CaCIs  +  2H2O. 

Solution  of  ammonia  shoiild  be  perfectly  colourless,  leave  no 
residue  on  evaporation,  and  when  supersaturated  by  nitric  acid  give 
no  cloud  or  muddiness  with  silver  nitrate.  Its  density  diminishes 
as  its  strength  increases,  that  of  the  most  concentrated  being  about 
0"875.  The  value  in  alkali  of  any  sample  of  liqiior  ammonix  is, 
however,  most  safely  inferred,  not  from  a  knowledge  of  its  density, 
but  from  the  quantitj'^  of  acid  a  given  amount  will  saturate. 

When  it  is  desired  to  examine  the  properties  of  the  gas,  the  com- 
mercial strong  solution  of  ammonia,  which  contains  about  30  per 

cent,  of  its  weight  of  ammonia, 

I'lg-  77.    forms  the  most  convenient  source 

from  which  to  obtain  a  supply. 
It  may  be  collected  in  a  mercurial 
trough,  or  more  conveniently  by 
displacement  of  air. 

Experiment.  —  Place  3  or  4 
ounces  of  strongest  solution  of 
ammonia  in  a  pint  flask,  fitted 
with  a  cork  and  straight  tube,  as 
shown  in  the  figure.  The  mouth 
of  the  jar  may  be  covered  with  a 
card  in  which  a  slit  has  been  cut 
to  allow  the  tube  to  pass.  On  ap- 
plying a  gentle  heat  to  the  solu- 
tion it  speedily  boils.  When  there 
is  a  strong  smell  of  the  gas  outside 
it  may  be  assumed  that  the  air 
has  been  displaced  from  the  jar. 

Experiment.  —  Convey  the  jar 
filled  with  ammonia  gas,  mouth 
downwards,  into  a  dish  of  -water. 
The  water  rapidly  rises,  owing  to  the  solubility  of  tlie  gas. 

Experiment. — Dip  a  piece  of  litmus  paper  into  dilute  sulphuric  or 
hydrochloric  acid,  and  observe  that  it  becomes  red.  Then  hold  it  in 
the  stream  of  gas  which  issues  from  the  tube  of  the  generating 
flask.    The  litmus  becomes  blue. 

Experiment. — Collect  a  jar  full  of  ammonia  as  already  described, 
and  close  it  by  a  glass  jDlate  greased  on  the  surface  to  jirevent  the 
escape  of  the  gas.  Then  fill  an  exactly  similar  jar  with  hydrogen 
chloride  gas.  Close  this  also  with  a  glass  plate.  Then  place  the  two 
jars  mouth  to  mouth,  tlie  hydrogen  chloride  uppermost,  and  with- 
draw the  glass  covers.  The  two  previously  invisible  gases  unite  to 
form  solid  white  sal-ammoniac  or  ammonium  chloride,  NH3HC!,  or 
NI-LjCl. 
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When  solution  of  ammonia  is  mixed  witli  acids,  salts  are  generated 
exactly  analogous  to  the  corresponding  potassium  and  sodium 
compounds  ;  they  will  be  discussed  in  connection  with  the  latter. 
The  ammonia  salts  may  be  regarded  either  as  direct  compounds  of 
ammonia,  NH3,  with  acids  (HCl,  for  example),  or  as  resulting  from 
the  replacement  of  the  hydrogen  of  an  acid  by  the  group  NH^, 
called  ammonium,  which  in  this  sense  is  a  compound  metal,  chemi- 
cally equivalent  to  potassium,  sodium,  silver,  etc.    Thus  : 


Ammonia  hydrochloride,  NH3HCI 
,,  nitrate,  NHa.HNOg 
„     sulphate,  (]SrH3)„HoS04 


=  NH4CI  Ammonium  chloride 
=  NH4NO3  „  nitrate 

=  (NH4)2S04       ,,  sulphate 


The  formulcB  in  the  second  column  are  exactly  analogous  to  those 
of  the  potassium  salts,  KCl,  KNO3,  K2SO4. 

The  aqueous  solution  of  ammonia  may  be  supposed  to  contain 
ammonium  hydroxide,  NH4.HO  ;  but  this  compound  is  not  known  in 
the  solid  state. 

Any  ammoniacal  salt  can  at  once  be  recognised  by  the  evolution 
of  ammonia  which  takes  place  when  it  is  heated  with  slaked  lime  or 
solution  of  potash  or  soda. 

Ammonia  is  obtainable  in  very  minute  quantity  by  the  action  of 
a  silent  electric  discharge  upon  a  mixture  of  nitrogen  and  hydrogen 
gases  in  the  ratio  of  1  vol.  of  the  former  to  3  vols,  of  the  latter.  It 
may  be  produced  in  considerable  amount  by  the  action  of  reducing 
agents  upon  nitric  acid.  Thus,  if  to  a  mixture  of  zinc  and  dilute 
hydrochloric  acid  from  which  hydrogen  is  freely  escaping,  a  small 
quantity  of  nitric  acid  is  added,  the  evolution  of  hydrogen  almost 
ceases,  and  after  a  few  minutes  ammonia  may  be  recognised  in  the 
liquid  by  heating  it  with  excess  of  potash  or  soda.  Similarly,  a 
solution  of  a  nitrate  in  caustic  soda  is  reduced  by  the  addition  of 
some  aluminium  foil,  which  dissolves  in  caustic  alkali  usually  with 
evolution  of  hydrogen.  Ammonia  is  at  once  disengaged  when  a 
nitrate  is  present : 

3NaH0  +  Al  =  Na^AlO,,  +  3H,  and 
NaNOa  +  8H  =  NaHO  '+  NH3  +  2H2O  . 

Ammonia  is  also  produced  by  the  decomposition  of  cyanides 
(see  p.  212)  by  steam,  and  this  reaction  has  been  proposed  as  a  means 
of  utilising  the  nitrogen  of  the  air  for  obtaining  this  compound  : 

KCN  +  2H2O  =KCH02  +  NH,. 

Potassium  cyanide.      Potassium  formate. 

Ammonia  is  also  formed  in  the  putrefaction  of  animal  matters  of 
all  kinds. 

At  the  present  day  the  only  source  of  ammonia  available  practi- 
cally for  manufacturing  purposes  is  the  destructive  distillation  of 
coal  as  conducted  at  the  gas  works  for  the  purpose  of  manufacturing 
coal  gas,  or  in  the  iron  blast  furnace,  and  in  coke  ovens. 

The  composition  of  ammonia  may  be  demonstrated  by  taking 
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advantage  of  the  action  of  chlorine,  ■which  combines  with  the 
hydrogen  and  liberates  the  nitrogen.  A  glass  tube  may  be  used 
about  a  yard  long,  sealed  at  one  end,  open  at  the  other,  and  marked 
off  into  three  equal  portions  by  rubber  rings  slipped  over  it.  The 
tube  is  filled  with  chlorine  free  from  air.  A  tiny  tap-funnel  is  then 
fitted  by  means  of  a  rubber  stopper  to  the  mouth  of  the  chlorine 
tube.  Strong  solution  of  ammonia  is  placed  in  the  funnel,  and  the 
tap  opened  for  a  moment  so  as  to  allow  a  drop  of  the  solution  to  fall 
into  the  chlorine.  A  flash  of  greenish  light  is  seen,  and  white  fumes 
of  sal-ammoniac.  The  remainder  of  the  solution  is  then  admitted 
drop  by  drop,  avoiding  the  entrance  of  air.  A  gentle  heat  should 
be  applied  to  the  solution  in  the  tube  for  a  few  minutes,  in  order  to 
complete  the  decomposition,  and  the  tube  is  then  inverted  into  a  deep 
jar  of  water.  On  opening  the  tap  the  water  rises  and  fills  two  divi- 
sions of  the  tube,  leaving  one  division  full  of  nitrogen  gas.  Knowing 
that  chlorine  combines  with  an  equal  volume  of  hydrogen,  and 
having  employed  3  volumes  of  chlorine,  it  is  obvious  that  the  1 
volume  of  nitrogen  which  remains  was  united  in  the  ammonia  with 
3  volumes  of  hydrogen. 

In  order  to  prove  that  1  volume  of  nitrogen,  when  combined  with 
3  volumes  of  hydrogen,  constitute  2  volumes  of  ammonia,  recourse 
may  be  had  to  the  decomposition  of  ammonia  by  heat.  When 
pure  ammonia  gas  confined  over  mercury  is  subjected  to  the 
action  of  sparks  from  an  induction  coil  it  is  speedily  decomposed, 
and  the  volume  of  the  gas  gradually  increases  till  it  is  doubled. 
The  resulting  gaseous  mixture  is  no  longer  pungent  and  soluble  in 
water  like  ammonia,  but  is  readily  inflammable,  and  can  easily  be 
shown  to  consist  of  1  measure  of  nitrogen  with  3  measures  of  hydro- 
gen. Ammonia  is  also  decomposed  into  its  elements  by  transmission 
through  a  red-hot  tube. 

Ammonia  combines  with  a  number  of  salts,  especially  chlorides, 
forming  compounds  from  some  of  which  it  may  be  disengaged  by 
heat.  Taking  advantage  of  this  fact,  Faraday  obtained  ammonia  in 
the  liquid  form  by  enclosing  a  quantity  of  its  compound  with  silver 
chloride  in  a  strong  glass  tube,  one  end  of  which,  containing  the 
salt,  could  be  heated,  whilst  the  opposite  end  was  kept  cool.  (See 
fig.  22,  p.  51.)  At  15°  a  pressure  of  between  6  and  7  atmospheres  is 
sufficient  to  cause  it  to  condense.  The  compound  with  calcium 
chloride  may  be  used  in  a  similar  manner.  The  liquid  may  also 
readily  be  obtained  by  the  use  of  a  strong  solution,  which,  on  tiie 
application  of  heat,  evolves  ammonia  nearly  free  from  water  vapour. 
The  gas  may  be  made  to  condense  either  by  the  pressure  caused  by 
its  own  accumulation  within  a  sufficiently  strong  vessel,  or  by  the 
use  of  a  condensing  pump.  Liquefied  ammonia  is  extensively  used 
as  a  means  of  producing  cold,  as  in  the  manufacture  of  ice. 

Carre's  freezing  apparatus  consists  essentially  of  a  cylindric^il  boiler 
n,  figure  78,  holding  about  two  gallons,  filled  to  about  three-fourths 
of  its  capacity  with  a  strong  aqueous  solution  of  ammonia,  and  con- 
nectffd  by  pipes  with  a  wrought-iron  annular  condenser  or  freezer  c, 
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The  boiler  is  first  placed  over  a  fire  and  the  freezer  in  cold  water. 
The  boiler  is  heated  to  130°  0.,  whereupon  ammonia  gas  is  given  off, 
and  condenses  in  the  freezer,  together  with  about  one-tenth  of  its 
own  weight  of  water.  This  operation  being  completed,  the  boiler  is 
removed  from  the  fire,  and  immersed 
in  cold  water  ;  the  freezer,  wrap^jed  ^^s-  78. 

in  dry  flannel,  is  placed  outside, 
and  the  vessel  containing  the  water 
to  be  frozen  is  placed  in  the  cylin- 
drical space  b.  As  the  boiler  cools, 
the  ammonia  gas  with  which  it  is 
filled  is  redissolved,  and  the 
pressure  being  thus  diminished, 
the  ammonia  which  has  been 
liquefied  in  c  is  again  volatilised, 
and  passes  over  towards  «,  to  re- 
dissolve  in  the  water  which  has 
remained  in  the  boiler.  This 
rapid  evaporation  of  the  ammonia 
causes  a  great  absorjDtion  of  heat, 
whereby  the  vessel  c  is  reduced  _ 
to  a  very  low  temperature,  and  the 
water  contained  in  it  is  frozen.  To  obtain  better  contact  between 
the  sides  of  the  vessel  h  and  the  freezer,  brine  is  poured  between 
them.  This  apparatus  gives  about  4  lb.  of  ice  an  hour,  at  the  price 
of  about  a  farthing  a  pound  ;  but  large  continuously  working  ap- 
paratus are  now  constructed  by  which  tons  of  ice  can  be  manufac- 
tured at  a  very  low  price. 

Hydrazine,  or  Diamidogen,  N2H4  or  (NH2)2. — This  interesting 
compound  was  originally  obtained  from  diazoacetic  acid  by  a  com- 
plex reaction,  which  cannot  be  profitably  described  in  this  place. 

It  is  also  obtained  in  the  following  manner.  One  of  the  products 
of  the  action  of  sulphurous  acid  or  acid  sulphite  of  potassium  upon 
potassium  nitrite  is  a  compound  formerly  called  potassium  sulpha- 
zotat2  KoSOqNoOn,  or  now  potassium  dinitroso-sulphonate  KO.SOo. 
N(OK)NO ;  thus  : 

2K0N0  +  2KO.SO2.H  =  K0S02.N(0K).N0  +  B^O  +  (K  0)2802 . 

Potassium         Potassium  '  Potassiuiu 

Nitrite.    Hydrogen  sulphite.  sulphate. 

If  this  compound,  kept  cold  by  ice,  is  mixed  with  sodium  amalgam, 
hydrazine  sulphonate  is  formed  as  the  result  of  the  action  of  nascent 
hydrogen ;  thus  : 

K0S02.N(0K).N0  +  CH  =  KO.SO2.NH.NH2  +  HgO  +  KHO. 
The  hydrazine  remains  in  solution  jn  the  form  of  sulphake  from 
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whicli  it  may  be  obtained  as  a  volatile  hydrate  by  distillation  with 
caustic  potash  : 

KO.SO2.NH.NH2  +  KOH  =  K2SO.,  +  NH2.NH2, 

Hydrazine  is  obtained  in  the  free  state  with  great  difficulty.  It 
is  a  colourless  volatile  liquid  which  crystallises  at  about  0°  and  boils 
at  118°.  It  attacks  all  kinds  of  organic  matter  and  even  glass. 
Hence  in  the  free  state  it  can  be  manipulated  only  in  silver  or 
platinum  vessels.  It  is  a  powerful  base  which  unites  with  acids  in 
two  proportions,  with  hydrochloric  acid  for  example  it  forms  the 
compounds  NgH^HCl  and  N2H42HCI.  It  is  distinguished  from 
ammonia  by  its  strong  reducing  action ;  thus  it  throws  down  a 
precipitate  of  cuprous  oxide  from  Fehling's  solution  of  cupric  tar- 
trate and  a  precipitate  of  metallic  silver  from  ammoniacal  silver 
nitrate.  It  also  decomposes  platinic  chloride.  In  all  these  cases 
there  is  an  evolution  of  nitrogen  gas. 

Hydroxylamine,  NH3O  or  NH2OH. — This  compound  is  obtained 
by  the  action  of  nascent  hydrogen  upon  nitric  oxide,  nitric  acid,  and 
some  nitrates  : 

HNO3  +  6H  =  2H2O  +  NH3O. 

It  is,  however,  best  prepared  from  other  sources.  (See  "Ammon- 
sulphonic  Acids,"  p.  167.) 

Hydroxylamine  is  a  very  volatile  and  easily  decomposable  base, 
and  can  be  obtained  in  the  free  state  only  with  difficulty.  Its  salts 
are  decomposed  by  potash,  with  evolution  of  nitrogen  and  formation 
of  ammonia,  quickly  in  concentrated,  gradually  in  dilute  solutions. 
Solutions  of  hydroxylamine  may,  however,  be  obtained  by  decom- 
posing the  salts  in  other  ways,  an  alcoholic  solution  for  example,  by 
decomposing  the  nitrate  dissolved  in  alcohol  Avitli  alcoholic  potash. 
Alkaline  carbonates  also  separate  hydroxylamine,  with  evolution  of 
carbon  dioxide. 

Hydroxylamine  has  been  obtained  as  a  crystalline  substance,  but 
in  this  state  is  very  easily  decomposed.  It  melts  at  about  33°,  and 
may  be  distilled  under  much  reduced  pressure,  but  if  heated  under 
atmospheric  pressure  it  explodes.  It  is  violently  and  explosively 
attacked  by  chlorine  which  liberates  nitrogen  and  by  sodium  which 
liberates  hydrogen.  On  exposure  to  the  air  it  is  rapidly  oxidised 
with  production  of  a  nitrite  and  ammonia. 

The  solutions  have  an  alkaline  reaction,  and  precipitate  many 
metallic  salts  ;  with  tlie  salts  of  lead,  iron,  nickel,  and  zinc,  and 
with  chrome  alum  and  common  alum,  they  form  precipitates 
insoluble  in  excess  of  hydroxylamine.  With  aqueous  cupric  sulphate, 
liydroxylamine  forms  a  grass-green  precijntate,  which,  when  boiled 
with  water,  is  reduced,  with  evolution  of  nitrous  oxide  gas,  to  cuprous 
oxide  ;  an  ammoniacal  cupric  solution  is  decolorised  by  it.  Mercuric 
chloride  is  reduced  to  mercurous  cbloride,  and  if  the  liydroxylamine 
is  in  excess,  to  metallic  inercury.    Silver  solutions  yield  a  black  pre- 
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cipitate,  which  is  quickly  reduced,  with  evolution  of  gas,  to  metallic 
silver.  Hydroxylamine  also  reduces  acid  potassium  chromate.  In 
many  of  these  reactions  the  hydroxylamine  appears  to  be  completely 
decomposed,  with  formation  of  nitrogen  or  its  monoxide. 

The  salts  of  hydroxylamine  decompose,  when  heated,  with  copious 
and  sudden  evolution  of  gas.  The  hydrochloride,  NH3O.HCI,  crys- 
tallises from  alcohol  in  long  thin  prisms  ;  from  water  in  large 
irregular  six-sided  tables ;  it  melts  at  100°,  and  then  decomposes, 
with  violent  evolution  of  gas,  into  nitrogen,  hydrochloric  acid,  water, 
and  sal-ammoniac.  The  nitrate,  NH3O.HNO3,  solidifies  slowly  by 
spontaneous  evaporation  to  a  radio-crystalline,  very  deliquescent 
mass,  easily  soluble  in  absolute  alcohol,  decomposing  at  100°. 

A  nitro-derivative  of  hydroxylamine  has  recently  been  obtained 
by  the  action  of  ethyl  nitrate  upon  hydroxylamine  dissolved  in 
alcohol : 

C2H5O.NO2  +  NH2OH  =  CaHjOH  +  NH(N02)0H. 
Ethyl  nitrate.'  Hydroxylamine.     Alcohol.  Nitro-hydroxylaniine. 

The  new  compound  acts  as  a  dibasic  acid,  but  is  at  present  known 
only  in  the  form  of  its  metallic  derivatives,  the  sodium  salt  having 
the  composition,  Na2N203  (Angeli). 

Azoimide. — Bicmimide,  Hydrazoic  Acid,  HN3. — This  compound 
is  obtained  by  various  processes,  of  which  the  two  foUoAving  are 
most  easily  practicable  : — 

1.  Phenyl-diazoimide  CgHcNg,  is  first  obtained  by  dissolving  phenyl- 
hydrazine,  CgH5HN.NH2,  in  an  excess  of  glacial  acetic  acid  and 
passing  nitrosyl  chloride  gas  into  the  liquid.  The  phenyl-diazoimide 
is  separated  from  the  red  solution  by  steam  distillation.  It  is  a 
colourless  heavy  oil  which  explodes  violently  when  heated  by  itself. 
This  is  converted  into  a  nitro-compound,  CflH^(N02)N3,  by  adding  it 
very  gradually  to  about  ten  times  its  volume  of  strong  nitric  acid 
contained  in  a  flask.  Eed  fumes  are  evolved,  and  when  these  cease, 
gentle  heat  is  applied  for  an  hour  or  two.  Water  is  then  added  to 
the  solution,  and  the  nitro-compound  which  is  nearly  insoluble  in 
water,  crystallises  out.  This  compound  boiled  with  alcoholic  potash 
is  converted  into  the  potassium  salt  of  azoimide  K3N.  In  order  to 
carry  out  the  process  with  the  object  of  preparing  the  acid  for  pur- 
poses of  demonstration,  1  part  of  ithe  nitro-compound,  1  part  of  solid 
caustic  potash,  and  10  parts  by  weight  of  absolute  alcohol  are  boiled 
together  for  about  an  hour  in  a  flask  with  a  Liebig  condenser  attached 
vertically  to  the  neck,  so  that  the  alcohol  as  it  boils  away  may  return 
to  the  flask.  Great  care  must  be  taken  that  the  residue  in  the  flask 
does  not  become  dry  or  it  may  explode.  Excess  of  dilute  aqueous 
sulphuric  acid  is  then  added  to  the  contents  of  the  (lask,  and  the 
niixture  is  distilled  till  about  one-fourth  has  passed  over.  The 
distilled  liquid  is  a  weak  aqueous  solution  of  azoimide. 

2.  Sodamide,  NHgNa,  is  first  prepared  by  heating  sodiiyn  in  dr^ 
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ammonia.  This  is  best  done  by  placing  the  metal  in  several  small 
boats  contained  in  a  tube  through  which  ammonia  gas  is  transmitted. 
This  compound  is  then  transformed  directly  into  sodium  azoimide, 
NaNj,  by  replacing  the  stream  of  ammonia  by  a  current  of  dry 
nitrous  oxide  : 

NaNHa  +  NgO  =  NaNj  +  HgO. 

and 

NaNHa  +  HjO  =  NaHO  +  NH3. 

About  50  per  cent,  of  the  theoretical  yield  is  obtained.  It  is  im- 
portant to  maintain  the  temperature  during  the  latter  part  of  the 
operation  between  150°  and  250°.  If  the  tube  is  overheated 
explosions  occur,  if  not  heated  sufficiently  the  decomposition  does 
not  proceed.  From  the  resulting  sodium  salt  azoimide  may  be 
distilled  as  described  under  1. 

Solution  of  azoimide  reddens  blue  litmus  and  gives  with  silver 
nitrate  a  white  jarecipitate  of  silver  salt  similar  in  appearance  to 
silver  chloride.  Neutralised  by  soda  and  evaporated  to  dryness,  it 
yields  the  corresponding  salt,  which  will  bear  heating  to  a  somewhat 
higher  temperature  than  the  other  salts  without  risk  of  explosion. 

Azoimide  is  a  colourless  liquid  boiling  at  about  the  same  temper- 
ature as  common  ether,  that  is  at  37°,  soluble  in  water  and  in  alcohol, 
and  possessing  a  strong  acid  reaction  and  disagreeable  smell.  It  is 
most  violently  explosible  on  the  application  of  heat  or  even  as  a 
consequence  of  vibration.  It  is  therefore  an  extremely  dangerous 
substance  to  work  with.  The  barium  salt,  BaNg,  crj'stallises  in 
hard  prisms,  the  lead  salt,  PbNg,  in  lustrous  needles  which  are  easily 
soluble  in  water.  The  silver  salt,  AgN3,  is  also  crystallisable,  but 
being  very  slightly  soluble  in  water,  is  usually  precipitated  as  a  white 
precipitate  resembling  the  chloride  of  silver,  but  differing  from  that 
compound  in  being  unaffected  by  light  and  in  being  violently 
explosible  on  heating  or  by  friction. 

Compounds  of  Nitrogen  with  the  Halogen  Elements. 

Nitrogen  Trichloride,  NCl  j. — When  sal-ammoniac  or  ammonia 
nitrate  is  dissolved  in  water,  and  a  jar  of  chlorine  is  inverted  in  the 
solution,  the  gas  is  absorbed,  and  a  deep  yellow  oily  liquid  is  0I1- 
served  to  collect  upon  the  surface  of  the  solution,  ultimately  sinking 
in  globules  to  the  bottom.  This  is  nitrogen  chloride,  one  of  the 
most  dangerously  explosive  substances  known. 

The  change  may  be  explained  by  the  equation  : 

NH,iCl  +  3CI2  =  NClj  +  4HC1. 

Nitrogen  chloride  is  very  volatile,  and  its  vapour  is  exceedingly 
irritating  to  the  eyes.  It  has  a  sp.  gr.  1-653.  It  may  be  distilled 
Qt  71°,  although  the  experiment  is  attended  with  great  danger. 


NITROnEN  AND  lODINK. 


155 


Between  93°  and  105°  it  explodea  with  fearful  violence.  Contact 
■vvitli  almost  any  combustible  matter,  as  oil  or  fat  of  any  kind,  deter- 
mines the  explosion  at  common  temperatures,  a  vessel  of  porcelain, 
glass,  or  even  of  cast-iron,  being  broken  by  it  to  pieces,  and  a  leaden 
cup  receiving  a  deep  indentation. 

Nitrogen  Tribromide,  NBr,. — Tliis  compound  is  formed  by  the 
action  of  potassium  bromide  on  the  trichloride. 

Nitrogen  and  Iodine. — When  alcoholic  soli;tion  of  iodine  is 
added  to  caustic  ammonia,  a  black  powder,  called  nitrogen 
iodide,  is  precipitated.  The  solid  filtered  from  the  brown  sohi- 
tion  should  be  distributed  while  still  wet  in  small  quantities  upon 
separate  pieces  of  bibulous  paper,  and  left  to  dry  in  the  air. 

Nitrogen  iodide  is  a  black  insoluble  powder,  which,  when  dry, 
explodes  with  the  slightest  touch — even  that  of  a  feather — and 
sometimes  without  any  obvious  cause.  The  explosion  is,  however, 
not  nearly  so  violent  as  that  of  nitrogen  chloride,  and  is  attended 
with  the  production  of  violet  fumes  of  iodine.  According  to 
Gladstone,  this  substance  contains  hydrogen,  and  may  be  viewed  as 
NHI2,  that  is,  as  ammonia  in  which  two-thirds  of  the  hydrogen  are 
replaced  by  iodine.  It  appears,  however,  that  the  substance  called 
nitrogen  iodide  varies  in  composition,  for,  by  changing  the  mode  of 
preparation,  several  compounds  containing  the  elements  of  nitrogen 
tri-iodide  with  ammonia  may  be  obtained. 


Compounds  of  Nitrogen  and  Oxygen. 


There  are  five  distinct  compounds  of  nitrogen  and  oxygen,  thus 
named  and  constituted  : — 

Composition. 


Formula. 
.  N2O 
.  NO 

.  n:o, 

or  Nb„ 


By  weight. 
Nitrogeii.  Oxygen. 


28 
14 
28 
28 
14 
28 


16 
16 
48 
64 
32 
80 


By  volume. 

Nitrogen.  Oxygen. 

.    2  1 

1  1 

2  3 
2  4 

1  2 

2  5 


Nitrous  Oxide,  . 
Nitric  Oxide, 
Nitrons  Anhydride, 
Nitric  Peroxide, 

Nitric  Anhydride, 

A  comparison  of  these  numbers  will  show  that  the  quantities  of 
oxygen  which  unite  with  a  given  quantity  of  nitrogen  are  to  one 
another  in  the  ratio  of  the  numbers  1,  2,  3,  4,  5. 

Compounds  called  respectively  liyponitrites,  nitrites, 
and  nitrates,  are  known  which  contain  the  elements  of  the 
fir.st,  third,  and  fifth  of  these  oxides  in  union  with  the  elements  of 
metallic  oxides.  The  hydrogen  .salts  afo  also  called  h  y  p  o  n  i  t  r  o  u  s, 
n  i  t  r  o  us,  and  nitricacid. 
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The  composition  of  these  acids  and  of  their  potassdum  salts  is 
represented  by  the  following  formulfe  : 

Hydrogen  Hyponitrite,  of  Hyponitrous  acid,  HNO  or  HgNgOj 
Potassium  Hyponitrite,        ....    KNO  or  KgNjOg 

Hydrogen  Nitrite,  or  Nitrous  acid,  .  .  HNOg 
Potassium  Nitrite,  KNOj 

Hydrogen  Nitrate,  or  Nitric  acid,  .  .  HNO3 
Potassium  Nitrate,  KNO3 

Nitric  oxide  does  not  form  salts  with  metallic  oxides.  Nitric  per- 
oxide produces  nitrite  and  nitrate  simultaneously. 

It  will  be  convenient  to  commence  the  description  of  these  com- 
pounds with  the  last  on  the  list,  viz.,  the  nitrates,  inasmuch  as  they 
are  the  sources  from  which  all  the  other  compounds  in  the  series  are 
obtained. 


Nitric  Acid,  HNO3. — In  certain  parts  of  India,  and  in  other  hot 
dry  climates,  the  surface  of  the  soil  is  occasionally  covered  by  a 
saline  efflorescence,  like  that  sometimes  seen  on  newly  plastered 
walls  ;  this  substance  collected,  dissolved  in  hot  water,  and  crystal- 
lised from  the  filtered  solution,  furnishes  the  highly  important  salt 
known  in  commerce  as  nitre  or  saltpetre,  and  consisting  of  potassium 
nitrate. 

Experiment. — To  obtain  nitric  acid,  equal  weights  of  powdered 
nitre  (.30-40  grams)  and  strong  suljihuric  acid  are  introduced  into  a 

glass  retort  connected  with  a 


and 


heat 


gentle 
The  arrangement 


receiver, 
applied. 

shown  in  the  accompanying 
figure.  No  corks  or  luting  of 
any  kind  must  be  used.  As 
the  distillation  advances,  the 
red  fumes  which  first  arise 
disappear,  but  towards  the  end 
of  the  process  they  again  become 
manifest.  When  this  happen.^!, 
and  very  little  liquid  passes  over, 
while  the  greater  part  of  the 
saline  matter  of  the  retort  is  in 
a  state  of  tranquil  fusion,  the 
operation  may  be  stopped  ;  and 
when  the  retort  is  nearly  cold, 
water  may  be  introduced  to 
dissolve  out  the  saline  residue. 
Tlie  reaction  consists  in  an  interchange  between  the  potassium  of  the 
nitrate  and  half  the  hydrogen  of  the  sulphuric  acid  (hydrogen 
sulphate),  whereby  there  are  formed   hydrogen  nitrate  wl;icli 


15? 


distils  oVei",  and  hydrogen  and  potassium  sulphate  which  remaina 
in  the  retort : 

KNO3  +  H2SO4  =  HNO3  +  HKSOi. 

In  the  manufacture  of  nitric  acid  on  the  large  scale,  the  glass  retort 
is  replaced  by  a  cast-iron  cylinder,  and  the  receiver  by  a  series  of 
earthen  condensing  vessels  connected  by  tubes,  as  shown  in  the 

Fig.  SO. 


Fig.  SI. 


accompanying  figures.  Sodium  nitrate,  found  native  in  Peru,  is 
generally  substituted  for  the  more  costly  potassium  nitrate. 

Pure  nitric  acid,  in  its  most  concentrated  form,  is  obtained  by 
mixing  the  product  thus  obtained 
with  about  an  equal  quantity  of 
strong  sulphuric  acid,  redistilling, 
collecting  apart  the  first  portion 
which  comes  over,  and  exposing  it, 
in  a  vessel  slightly  warmed  and 
sheltered  from  the  light,  to  a 
current  of  dry  air  made  to  bubble 
through  it,  which  completely  re- 
moves the  nitrous  acid.  In  this 
state  the  product  is  colourless  ;  it 
has  the  sp.  gr.  1-517  at  15-5°,  and  boils  at  84-5". 

On  boiling  nitric  acid  of  different  degrees  of  concentration,  at  the 
ordinary  atmospheric  pressure,  a  residue  is  left,  boiling  at  120'5°  and 
760  mm.  barometer,  having  the  sp.  gr.  1'414  at  15'5°,  and  containing 
about  69  per  cent,  of  real  nitric  acid,  HNO3,  with  31  per  cent,  of 
water.    This  acid  was  formerly  supposed  to  be  a  definite  compound 
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of  nitric  acid  with  ■Water ;  but  Koscoe  has  shown  that  this  asslimjp- 
tion  is  incorrect,  the  composition  of  the  acid  varying  according  to 
the  pressure  under  which  the  liquid  boils. 

The  acid  prepared  in  the  way  described  is  apt  to  contain  traces  of 
chlorine  from  common  salt  in  the  nitre,  and  sometimes  of  sulphate 
from  accidental  splashing  of  the  pasty  mass  in  the  retort.  To  dis- 
cover these  impurities,  a  portion  is  diluted  with  four  or  five  times  its 
bulk  of  distilled  water,  and  divided  between  two  glasses.  Solution 
of  silver  nitrate  is  dropped  into  the  one,  and  solution  of  barium 
nitrate  into  the  other  ;  if  no  change  ensue  in  either  case,  the  acid  is 
free  from  the  impurities  mentioned. 

Nitric,  acid  is  exceedingly  corrosive,  staining  the  skin  deep  yellow, 
acting  violently  upon  many  metals  and  upon  organic  substances. 
The  rate  of  action  and  the  nature  of  the  products  depend  in  some 
degree  upon  its  state  of  concentration.  Its  chief  reactions  may  be 
classified  under  three  heads. 

First,  it  behaves  with  metallic  oxides  as  acids  iisually  do,  ex- 
changing its  hydrogen  for  an  equivalent  quantity  of  metal  and 
forming  salts.  The  nitrates  are  remarkable  for  being  all  soluble  in 
water,  with  the  exception  of  a  few  basic  salts  such  as  those  of 
bismuth. 

Secondly,  it  easily  parts  M'ith  a  portion  of  its  oxygen,  and  thus 
acts  the  j)art  of  a  powerful  oxidising  agent.  Hence  in  its  action 
upon  metals  hydrogen  is  never  evolved,  for  the  hydrogen  displaced 
by  the  metal  is  converted  into  Avater,  and  a  mixture  of  the  lower 
oxides  of  nitrogen  usually  escapes  in  the  form  of  gas. 

Thirdly,  the  action  of  pure  undiluted  nitric  acid  upon  carbo- 
hydrogen  compounds  often  results  in  the  exchange  of  a  portion  of 
the  hydrogen  for  the  elements  of  nitric  peroxide,  NO.,.  This  action 
is  not  accompanied  by  the  evolution  of  gas,  water  being  the  only 
other  product.  The  compounds  thus  formed  are  called  nitro-com- 
pounds  ;  one  of  the  best  examples  is  nitro-benzene,  CgH5(N02), 
formed  from  benzene,  CgHg,  by  the  exchange  of  an  atom  of  hydrogen 
for  one  nitro-group. 

The  chief  characters  of  nitric  acid  may  be  illustrated  by  such 
experiments  as  the  following  : — 

Experiments. — 1.  Place  about  half  an  ounce  of  nitric  acid  in  an 
evaporating  dish  and  pour  into  it,  with  constant  stirring,  ordinary 
solution  of  potash  till,  on  placing  a  drop  of  the  liquid  upon  blue 
litmus  paper,  it  produces  only  slight  redness.  Then  evaporate  to 
about  one-fourth  of  its  bulk  and  let  the  liquid  cooL  Crystals  of 
potassium  nitrate  will  be  deposited.  If  no  crystals  are  found  when 
the  liquid  is  quite  cold,  evaporate  a  little  further. 

2.  Place  in  separate  test-tubes  small  j^ieces  of  cojiper,  zinc,  tin,  and 
platinum  (foil).  Pour  into  each  sufficient  strong  nitric  acid  (com- 
mercial, density  1'42)  to  cover  the  metaL  The  platinum  remains 
imacted  upon  even  when  the  acid  is  boiled.  The  other  metals  are 
attacked  with  violent  evolution  of  red  gas ;  the  copper  yielding  a 
blue  solution  of  coiqjcr  nitrate,  the  zinc  colourless  zinc  nitrate,  while 


E^CPElilMENTS  WlTfl  NITRtd  ACID. 


159 


tiie  tin  gives  an  insoluble  white  powder,  consisting  of  the  dioxide, 
SuO.,,  in  combination  with  water. 

3.  'Repeat  the  experiment  with  copper,  using  nitric  acid  pre- 
viously diluted  with  an  equal  volume  of  water.  The  action  is  less 
violent,  and  the  gas  evolved  consists  chiefly  of  colourless  nitric  oxide. 
The  action  may  be  expressed  in  two  stages  thus — 

a;[Gu  +  2HNO3  =  Cu(N03)2  +  2H]. 

Then,  if  the  acid  is  concentrated,  the  hydrogen  partly  reduces  another 
portion  of  the  nitric  acid  to  nitric  peroxide  : 

2HNO3  +  2H  =  2H2O  +  N2O4. 

If  the  acid  is  somewhat  diluted,  the  reduction  goes  further  and  nitric 
oxide  is  formed  : 

2HNO3  +  6H  =  4H2O  +  2N0. 

4.  Place  in  another  test-tube  some  granulated  zinc,  cover  it  with 
water,  and  add  a  few  drops  of  nitric  acid  so  that  only  very  slight 
action  is  visible.  After  some  time  (j  hour)  pour  the  solution  into  a 
flask,  add  excess  of  solution  of  potash  and  heat.  Ammonia  is 
evolved,  and  may  be  recognised  by  the  nose  or  by  the  use  of  a  piece 
of  red  litmus  paper.  In  this  case  part  of  the  nitric  acid  is  not  only 
deprived  of  oxygen,  but  is  supplied  with  additional  hydrogen. 

2[Zn  +  2HNO3  =  Zii(N03).,  +  2H] 
HNO3  +  8H        =  H3N     '  +  3H2O. 

5.  Place  a  little  powdered  charcoal  on  a  piece  of  sheet  iron.  Make 
it  warm  over  a  lamp  placed  in  a  fume  chamber,  then  pour  on  a  little 
concentrated  nitric  acid.    The  charcoal  burns. 

6.  Mix  in  a  large  test-tube  or  small  beaker,  standing  in  a  basin  of 
cold  water,  about  an  ounce  of  commercial  strong  nitric  acid  with 
half  its  volume  of  strong  sulphuric  acid.  When  the  mixture  is  cold, 
add  pure  benzene,  drop  by  drop,  as  long  as  it  is  dissolved.  Then 

OUT  the  solution  into  a  large  beaker  full  of  cold  water.    A  yellow 
eavy  oil  separates,  having  a  strong  odour  of  essential  oil  of  almonds. 
This  compound  is  called  nitro-benzene  or  nitro-benzol,  and  is  exten- 
sively used  for  scenting  soap  and  for  other  purposes.    Its  formation 
from  benzene  is  represented  by  the  following  equation  : 

HNO3  +  C(iHo  =  H2O  -f  CcH^NOa. 

Nitric  acid  acta  in  a  somewhat  similar  manner  upon  many  other 
carbo-hydrogen  compounds.  Thus,  if  clean  cotton  wool  be  immersed 
in  such  a  mixture  of  nitric  and  sulphuric  acids,  hydrogen  is  ex- 
changed for  the  nitro  group,  and  the  cotton,  though  unaltered  in 
appearance,  increases  in  weight  and  acquires  new  properties.  After 
soaking  in  the  acid  a  few  minutes,  the  cotton  should  be  removed  and 
thoroughly  washed  with  water  till  entirely  free  from  acid.  If  it  is 
then  dried  in  a  steam  oven  at  the  temperature  of  boiling  water,  it 
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will  be  found  that  the  cotton  on  the  application  of  a  flame  disappeats 
with  a  bright  Hash.  This  is  the  substance  known  as  gun-cotton, 
now  extensively  used  as  an  explosive,  This  compound  is  derived 
from  cellulose,  the  material  of  which  cotton  consists,  (CuK^qO-X,  by 
the  substitution  of  _(N02)3_  for  H3,  thus  (C„H7(N02)305)„.  This 
compound,  however,  is  not  rightly  to  be  viewed  as  a  nitro-compoimd, 
as  it  has  the  constitution  and  chemical  properties  of  a  nitrate. 

Nitric  acid  is  not  so  easily  detected  in  solution  in  small  quantities 
as  many  other  acids.  Owing  to  the  solubility  of  all  its  compounds, 
no  precipitant  can  be  found  for  this  acid.  A  good  mode  of  testing  it 
is  based  upon  its  power  of  bleaching  a  solution  of  indigo  in  sulphuric 
acid  when  boiled  with  that  liquid.  The  absence  of  chlorine  must  be 
insured  in  this  experiment ;  otherwise  the  result  will  be  equivocal. 
The  best  method  for  the  detection  of  nitric  acid  is  the  following : — 
Experiment. — The  substance  to  be  examined  is  dissolved  in  a  small 
quantity  of  water,  and  the  solution  cautiously  mixed  with  an  equal 
volume  of  concentrated  sulphuric  acid  ;  the  liquid  is  then  left  to 
cool,  and  a  strong  solution  of  ferrous  sulphate  carefully  poured  upon 
it,  so  as  to  form  a  separate  layer.  If  large  quantities  of  nitric  acid 
are  present,  the  surface  of  contact  first,  and  then  the  whole  of  the 
liquid,  becomes  black.  If  but  small  quantities  of  nitric  acid  are 
present,  the  liquid  becomes  reddish-brown  or  jaurple.  The  ferrous 
sulphate  reduces  the  nitric  acid  to  nitric  oxide,  which,  dissolving  in 
the  solution  of  ferrous  sulphate,  imparts  to  it  a  dark  colour. 

Nitrogen  Pentoxide,  or  Nitric  Anhydride,  NaOj. — This  com- 
pound was  discovered  in  1849  by  Deville,  who  obtained  it  by  ex- 
posing silver  nitrate  to  the  action  of  chlorine  gas.  Chlorine  and 
silver  then  combine,  forming  silver  chloride,  which  remains  in  the 
apparatus,  while  oxygen  and  nitrogen  pentoxide  volatilise  : 

2AgN03  +  CI2  =  2AgCl  -f  N2O5  -I-  0. 

It  may  also  be  prepared  by  slowly  distilling  pure  and  highly  con- 
centrated nitric  acid  at  about  37°  with  phosphoric  oxide,  a  substance 
which  has  a  very  powerful  attraction  for  water.  The  distillate  con- 
sists of  two  layers  of  liquid,  the  upper  of  which  is  nitrogen  pentoxide 
mixed  with  nitrous  and  nitric  acids  ;  and  on  cooling  this  upper  layer 
with  ice,  the  pentoxide  separates  in  crystals. 

Nitrogen  pentoxide  is  a  colourless  substance,  crystallising  in  six- 
sided  prisms,  which  melt  at  30°  and  boil  between  45°  and  50°,  when 
they  begin  to  decompose.  Its  density  in  the  solid  state  is  above 
1'64  ;  in  the  liquid  state  below  1'636.  Nitrogen  pentoxide  explodes 
when  suddenly  heated,  and  at  the  ordinary  temperature  slowly 
decomposes.  It  dissolves  in  water  with  great  rise  of  temperature, 
forming  hydrogen  nitrate  or  nitric  acid.  '  It  also  unites  with  a 
smaller  proportion  of  water,  forming  the  hemihydrate  2N.,05.H20, 
which  constitutes  the  chief  part  of  the  lower  layer  of  the  distillate 
obtained  in  the  manner  just  described.  It  is  liquid  at  ordinary  tem- 
peratures but  crystallises  in  a  freezing  mixture. 
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Aqua  Begia. — This  name  is  given  to  a  mixture  of  nitric  and 
hydrochloric  acids,  which  has  long  been  known  for  its  property  of 
dissolving  gold  and  platinum.  When  heated  it  gives  off  nitrosyl 
chloride  (p.  164)  and  free  chlorine,  the  latter  of  which,  attacks  any 
metal  that  may  be  present,  forming  usually  the  highest  chloride 
the  metal  is  capable  of  forming  : 

NO3H  +  3HC1  =  2H,0  +  NOCl  +  CIj. 

Nitrogen.  Monoxide,  or  Nitrous  Oxide,  NjO  (Laughing  Gas). — 
When  soUd  ammonium  nitrate  is  heated,  it  is  resolved  into  water 
and  nitrogen  monoxide  :  NH4N03=2H20  +  N20. 

Experiment. — The  apparatus  used  in  preparing  ammonia  from 
sal-ammoniac  and  lime  may  be  used  (p.  147).  The  washing  bottle 
should  be  empty,  or  may  be  dispensed  with  altogether.  Place  in 
the  flask  an  oimce  or  two  of  solid  ammonium  nitrate,  heat  it  gently 
at  first  till  it  melts,  then  raise  the  temperature  till  it  boils  steadily. 
Collect  the  gas  in  jars  in  a  trough  filled  with  warm  water.  Avoid 
heating  the  salt  very  strongly. 

Nitrogen  monoxide  is  a  colourless,  transparent,  and  almost  inodor- 
ous gas,  of  distinctly  sweet  taste.  Its  density  is  1-525  ;  a  litre  of  it 
weighs  1'9717  gram  ;  100  cubic  inches  weigh  47  29  grains.  It  sup- 
ports the  combustion  of  a  taper  or  a  piece  of  phosphorus  with  almost 
as  much  energy  as  pure  oxygen  :  it  is  easily  distinguished,  however, 
from  that  gas  by  its  solubility  in  cold  water,  which  dissolves  nearly 
its  own  volume  :  hence  it  is  necessary  to  use  tepid  water  in  the 
pneumatic  trough  or  gas-holder,  otherwise  great  loss  of  gas  will 
ensue. 

Experiments. — 1.  Plunge  a  lighted  taper  into  a  jar  of  nitrous  oxide 
and  notice  the  brilliancy  of  the  flame. 

2.  Take  a  chip  of  wood,  ignite  it,  then  blow  out  the  flame,  leaving 
the  charred  extremity  red  hot.  Now,  plunge  this  quicldy  into 
nitrous  oxide  :  the  wood  is  rekindled,  though  less  energetically  than 
when  pure  oxygen  is  used. 

3.  Collect  some  of  the  gas  in  a  test-tube.  Close  the  mouth  of  the 
tube  with  the  thumb  so  as  to  retain  a  little  water  with  the  gas. 
Shake  them  well  together,  then  immerse  the  tube  in  cold  water, 
remove  the  thumb  for  a  moment  to  admit  more  water  and  close  the 
tube  again  and  shake,  repeating  the  same  operations  several  times. 
The  gas,  if  pure,  will  be  entirely  absorbed. 

Gaseous  nitrogen  monoxide  mixed  with  an  equal  volume  of  hydro- 
gen, and  fired  by  the  electric  spark  in  the  eudiometer,  explodes  Avith 
violence,  and  liberates  its  own  measure  of  nitrogen.  Every  two 
volumes  of  the  gas  must  consequently  contain  two  volumes  of  nitro- 
gen and  one  volume  of  oxygen,  the  whole  condensed  or  contracted 
one-third — a  constitution  resembling  that  of  vapour  of  water. 

A  remarkable  property  of  this  gas  is  its  power  of  producing 
insensibility  when  inhaled.  If  quite  pure,  or  merely  mixed  with 
atmospheric  air,  it  may  be  respired  for  a  short  time  without  danger 
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or  inconvenience.  The  effect  is  very  transient,  and  is  not  followed 
by  depression.  The  gas  is  much  used  as  an  anijesthetic  in  dental 
surgery. 

Nitrogen  monoxide  is  liquefied  by  a  pressure  of  50  atmospheres 
at  45°  F.  (7-2°  C.) ;  the  liquid  monoxide  has  a  density  0-9004, 
and,  under  a  pressure  of  763  mm.,  boils  at  -87"9°;  it  is  not 
miscible  with  water.  Faraday  solidified  it  by  exposing  it  in  a  sealed 
tube  to  the  cold  produced  by  a  mixture  of  solid  carbon  dioxide  and 
ether,  but  he  supposed  that  it  could  not  be  solidified  by  the  cold 
produced  by  its  own  evaporation.  This,  however,  may  be  effected 
if  the  evaporation  be  accelerated  by  a  strong  current  of  air,  A  very 
fine  steel  tube  is  directed  into  the  axis  of  a  thin  brass  cone,  having 
a  small  opening,  about  the  eighth  of  an  inch,  at  its  apex.  On  caus- 
ing a  stream  of  the  liquid  to  issue  from  the  jet,  it  is  retained  in  the 
cone  for  a  moment,  and  then  forcibly  blown  out  at  the  apex,  together 
with  a  strong  stream  of  air.  The  solid  is  in  this  way  formed  in 
some  quantity,  and  may  be  collected  in  a  dish  lined  with  filter- 
paper,  or  other  suitable  vessel.  Solid  nitrogen  monoxide  is  more 
compact  in  appearance  than  solid  carbon  dioxide,  and,  unlike  the 
latter,  it  melts  and  boils,  if  gently  warmed,  before  passing  into  the 
gaseous  state  :  hence  if  placed  in  contact  with  the  skin,  it  produces 
a  painfiil  blister,  like  a  burn. 

H3rponitrites,  (MNO)n. — When  a  solution  of  sodium  nitrate, 
NaNOg,  or  ammonium  nitrate,  NH4NO3,  is  treated  with  sodium 
amalgam,  the  nitrate  gives  up  2  atoms  of  oxygen  to  the  sodium, 
and  is  reduced  to  hyponitrite.  On  neutralising  the  excess  of  alkali 
in  the  liquid  by  acetic  acid  a  solution  of  sodium  hyponitrite  is 
obtained,  which  gives  with  silver  nitrate  a  yellow  precipitate  of 
silver  hyponitrite.  The  acid  corresponding  to  these  salts  has  not 
been  isolated,  as  it  appears  to  be  too  unstable  to  exist  at  common 
temperatures.  When  the  original  alkaline  liquid  is  acidified  with 
acetic  acid,  and  heated,  the  hyponitrous  acid  is  resolved  into  water 
and  nitrogen  monoxide,  which  escapes  as  gas  :  2HN0  =  HgO-l-NgO. 

There  is  some  reason  to  believe  that  the  formula  should  be  written 
H2N2O2. 

Nitric  Oxide,  NO. — This  gas  is  the  chief  product  of  the  action 
of  slightly  diluted  nitric  acid  upon  metals,  especially  copper  and 
mercury.  The  action  has  already  been  explained  under  nitric  acid. 
When  copper  is  used  the  initial  and  final  stages  of  the  process 
may  be  represented  by  the  equation  : 

8HNO3  -I-  3Cu  =  3Cu(N03)2  +  2N0  +  4H2O . 

The  gas  obtained  by  this  method  is,  however,  not  quite  free  from 
other  oxides  of  nitrogen,  and  even  nitrogen  itself.  The  amount 
of  these  secondary  products  increases  towards  the  end  of  tlie  process, 
when  a  considerable  quantity  of  copper  nitrate  has  accumulated  in 
the  liquid.    To  obtain  pure  nitric  oxide  advantage  is  taken  of  the 
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fact  tLat  it  forms  a  compound  with  ferrous  sulphate,  which  is 
decomposed  by  boiling.  A  mixture  of  ferrous  sulphate,  nitre,  and 
water  acidified  with  sulphuric  acid  gives  off  pure  nitric  oxide,  while 
ferric  sidphate  remains  in  solution  : 

6FeS0^  +  SHjSO^  +  2HNO3  =  3Fe2(S04)3  +  4H2O  +  2N0. 

Experiment. — Clippings  or  turnings  of  copper  are  put  into  the 
apparatus  employed  for  preparing  hydrogen  (p.  23),  together  with 
a  little  water,  and  nitric  acid  is  added  by  the  funnel  until  brisk 
effervescence  is  excited.  The  gas  may  be  collected  over  cold  water, 
as  it  is  not  sensibly  soluble. 

Experiments. — The  gas  obtained  in  this  manner  is  colourless  and 
transparent :  (1)  Mixed  with  air  or  oxygen  gas  it  produces  deep  red 
fumes,  which  are  readily  absorbed  by  water :  this  character  is  suf- 
ficient to  distinguish  it  from  all  other  gaseous  bodies.  (2)  A  lighted 
taper  plunged  into  the  gas  is  extinguished.  (3)  Lighted  phosphorus, 
however,  burns  in  it  with  great  brilliancy. 

The  density  of  nitric  oxide  is  r04  when  air  is  unity,  or  15  if  com- 
pared with  hydrogen  ;  a  litre  weighs  1-3434  gram.  The  relative 
density  of  nitric  oxide  gas  is  not  altered  even  at  the  temperature  of 
— 100°  ;  hence  the  molecular  weight  of  the  gas  is  under  no  circum- 
stances greater  than  30,  and  the  formula  must  be  written  NO,  and 
not  as  formerly  NjOj.  The  boiling  point  of  liquid  nitric  oxide  is 
about  - 154°.  Nitric  oxide  contains  equal  measures  of  oxygen  and 
nitrogen  gases  united  without  condensation.  When  this  gas  has 
passed  into  the  solution  of  a  ferrous  salt,  it  is  absorbed  in  large 
quantity,  and  a  deep  brown,  or  nearly  black  liquid  produced,  which 
seems  to  be  a  definite  compound  of  the  two  substances.  The 
compound  is  decomposed  by  boiling.  Nitric  oxide  unites  with 
half  its  volume  of  chlorine,  producing  nitrosyl  chloride,  NOCl. 

Nitrogen  Trioxide,  or  Nitrous  Anhydride,  N2O3. — When  lour 
measures  of  nitric  oxide  are  mixed  with  one  measure  of  oxygen, 
and  the  gases,  perfectly  dry,  are  exposed  to  a  temperature  of  -  18°, 
they  condense  to  a  thin  mobile  blue  liquid,  which  emits  orange-red 
vapours. 

Nitrogen  trioxide  is  most  readily  obtained  by  pouring  concentrated 
nitric  acid  on  lumps  of  arsenious  acid,  and  gently  warming  the  mix- 
ture, in  order  to  start  the  reaction.  The  orange-red  gas  then  evolved 
is  a  mixture  of  equal  volumes  of  NO  and  NOg,  which  unite  at  low 
temperatures,  forming  a  blue  liquid. 

Nitrous  Acid,  HNOj,  is  obtained  as  a  beautiful  blue  solution 
on  dissolving  the  trioxide  in  ice-cold  water :  N2O3  +  H2O  = 
2HNO2.  It  is  very  unstable,  even  at  ordinary  tempi^ratures,  decom- 
posing into  nitric  acid,  nitric  oxide,  and  water,  311  NO,  =  HNO3 
+  2N0  -t-  HjO.  In  consequence  of  this  iiistaljility  of  the  acid,  the 
metallic  nitrites  cannot  be  obtained  pure  by  treating  the  aqueous  solu- 
tion of  the  acid  with  metallic  oxides.    They  may  be  formed  in  other 
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ways :  potassium  nitrite,  for  example,  may  be  obtained  by  fusing 
the  corresponding  nitrate,  whereby  a  third  part  of  the  oxygen  is 
driven  off ;  and  a  solution  of  potassium  or  sodium  nitrite  may  be 
prepared  by  passing  the  mixed  gases — obtained  as  above  by  heating 
nitric  acid  with  arsenious  oxide  (or  with  starch) — into  a  solution  of 
caustic  potash  or  soda. 

Nitrosyl  Chloride,  or  Nitrous  Chloride,  NO  CI.— This  is  the 
only  known  oxy-cliloride  of  nitrogen.  It  is  formed  by  direct  union 
of  chlorine  and  nitric  oxide,  and  by  the  action  of  phosphorus  penta- 
chloride  on  potassium  nitrite  :  PCl5  +  NO.OK  =  NO.Cl  +  KCl  +  POCl3; 
also,  together  with  free  chlorine,  when  a  mixture  of  nitric  and  hydro- 
chloric acids  (aqua  regia)  is  slowly  heated  : 

HNO3  +  3HC1  =  NOUl  +  CI2  +  2H2O. 

It  is  most  easily  procured  by  the  action  of  nitrosyl  hydrogen 
sulphate  {q.v.)  on  dry  common  salt : 

NOHSO,  +  NaCl  =  NOCl  +  NaHS04. 

Nitrosyl  chloride  in  the  pure  state  is  an  orange-yellow  gas,  which, 
in  a  freezing  mixture,  condenses  to  a  deep  orange-coloured  limpid 
liquid,  boiling  at  about  -  8°.  It  is  a  very  stable  compound,  and  is 
not  decomposed  at  any  temperature  short  of  a  red-heat.  It  unites 
with  many  metallic  chlorides,  and  is  decomposed  by  basic  oxides  and 
by  water,  yielding  a  nitrite  and  a  chloride  :  e.g., 

NOCl  -I-  2K0H  =  KNO2  +  KCl  +  H^O . 

Nitrosyl  Bromide,  NOBr,  formed  by  passing  nitric  oxide  into 
bromine  at  —7°  to  -15°,  is  a  blackisli-brown  liquid,  which  begins 
to  decompose  at  —2°,  giving  off  nitric  oxide.  If  the  temperature 
is  allowed  to  rise  to  +20°,  a  dark  brownish-red  Liquid  remains, 
consisting  of  nitrosyl  tribromide,  NOBr,,  which  is  also  formed  when 
bromine  is  saturated  with  nitric  oxide  at  ordinary  temperatures. 
It  is  said  to  volatilise  undecomposed  when  quickly  heated,  but  is 
resolved  by  slow  heating  into  bromine  and  nitric  oxide. 

Nitrogen  Peroxide,  N2O4  or  NO2. — This  is  the  principal  con- 
stituent of  the  dee-p  red  fumes  always  produced  when  nitric  oxide 
escapes  into  the  air,  and  during  the  action  of  nitric  acid  on  metals. 
It  is  the  only  coloured  gaseous  oxide  of  nitrogen,  for  nitrogen  trioxide 
is  completely  decomposed  when  converted  into  vapour. 

It  may  be  obtained  in  the  pure  state  : — (1)  By  exposing  a  mixture 
of  2  vols,  nitric  oxide  and  1  vol.  oxj-^en,  both  thoroughly  dried,  to 
the  action  of  a  freezing  mixture  of  salt  and  ice  ;  the  tetroxide  then 
condenses  in  transparent  crystals,  or  if  the  slightest  trace  of  moisture 
is  present,  into  yellowish  or  greenish  liquid.  (2)  By  the  direct  com- 
bination of  oxygen  with  the  trioxide,  as  when  a  stre<am  of  oxygen  is 
passed  into  the  mixture  of  oxides  of  nitrogen  evolved  by  the  action 
of  fuming  nitric  acid  on  arsenious  acid.    (3)  By  heating'  thoroughly 
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dried  lead  nitrate  In  a  retort,  whereby  a  mixture  of  the  tetroxide  and 
oxygen  is  evolved,  the  former  of  which  may  be  condensed  as  above, 
while  the  latter  passes  on  : 

(N03)2Pb  =  PbO  +  0  +  N2O4. 

The  first  portions  of  nitrogen  tetroxide  thus  obtained  do  not  solidify, 
doubtless  owing  to  the  presence  of  a  trace  of  moisture  ;  but  if  the 
receiver  be  changed  in  the  midst  of  the  operation,  and  if  care  has 
been  taken  to  avoid  moisture,  the  later  portions  may  be  obtained  in 
the  crystalline  form. 

Nitrogen  tetroxide  at  very  low  temperatures  forms  transparent, 
colourless,  prismatic  crystals  which  melt  at  —9°,  but  when  once 
melted  do  not  resolidify  till  cooled  down  to  -30°.  Above  —9°  it 
forms  a  mobile  liquid  of  density  1"45,  the  appearance  of  which 
varies  greatly  according  to  the  temperature.  When  still  liquid 
below  -  9°  it  is  almost  colourless ;  at  —  9°  it  has  a  perceptible 
greenish-yellow  tint ;  at  0°  the  colour  is  somewhat  more  marked  ;  at 
+  ]0°  it  is  decidedly  yellow ;  and  at  15°  and  upwards,  orange-yellow, 
the  depth  of  colour  increasing  progressively  with  temperature  up  to 
22°,  the  boUing  point  of  the  liquid.  The  vapour  has  a  brown- 
red  colour,  the  depth  of  which  also  increases  with  the  temperature, 
until  at  40°  it  is  so  dark  as  to  be  almost  opaque.  This  remarkable 
change  of  colour  is  accompanied  by  a  great  diminution  of  density  as 
the  temperature  rises,  both  phenomena  pointing  to  a  molecular  change 
produced  in  the  vapour  by  heat.  PI  ay  fair  and  Wanklyn 
determined  the  density  of  the  vapour  by  Dumas'  method,  using 
nitrogen  as  a  diluent,  and  found  the  densities  at  different  tempera- 
tures as  follows  : — 

Temperature.  Vapour-density. 

97-5°,  ....  1-783 

24-5,  ....  2-520 

11-3,  ....  2-655 

4-2,  ....  2-588 

There  can  be  no  doubt  that  these  changes  of  density  correspond 
to  changes  in  the  molecular  constitution  of  the  compound.  At 
low  temperatures  it  consists  almost  entirely  of  molecules  having  the 
composition  of  the  tetroxide,  N2O4,  which  would  require  a  density 
of  3-2.  If  the  temperature  is  raised,  these  are  broken  into  simpler 
groups, 

N2O4  =  2NO2, 

and  when  the  decomposition  is  complete,  the  gas  has  a  density 
1-6,  as  compared  with  air  at  the  same  temperature.    {See  "  Dissocia- 

At  a  temperature  just  below  redness  the  dark  red  gas  becomes 
colourless,  being  resolved  into  nitric  oxide  and  oxygen, 

NO2  =  NO  -1-  0. 

These  changes  occur  in  reverse  order  on  allowing" the  gas  to  cool. 
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The  vapour  is  absorbed  by  strong  nitric  acid,  whicla  thereby 
acquires  a  yellow  or  red  tint,  passing  into  green,  then  into  blue,  and 
afterwards  disappearing  altogether  on  the  addition  of  successive 
portions  of  water.  The  deep  red  fuming  acid  of  commerce,  called 
nitrous  acid,  is  simply  nitric  acid  impregnated  with  nitrogen 
tetroxide. 

Nitrogen  tetroxide  is  decomposed  by  water  at  low  temperatures 
in  such  a  manner  as  to  yield  nitric  and  nitrous  acids  :  N2O4  + 
H20  =  HN03  +  HN02 ;  but  when  added  to  excess  of  water  at  ordi- 
nary temperatures,  it  yields  nitric  acid  and  the  products  of  decom- 
position of  nitrous  acid,  namely,  nitric  acid  and  nitric  oxide.  In 
like  manner,  Avhen  passed  into  alkaline  solutions,  it  forms  a  nitrate 
and  a  nitrite  of  the  alkali-metal. 

Nitrogen  Stilpliide,  NgSj,  is  obtained,  together  with  other  com- 
pounds, by  the  action  of  dry  ammonia  on  sulphur  protochloride 
(p.  125),  or  on  thionyl  chloride  (p.  139),  as  a  yellow  powder  which 
crystallises  from  carbon  sulphide  in  yellowish-red  rhombic  prisms. 
It  becomes  dark  coloured  at  120°,  and  emits  pungent  vapours  ;  sub- 
limes at  135°  in  yellowish-red  crystals ;  begins  to  melt  and  give  off 
gas  at  158° ;  decomjDoses  rapidly  at  160°,  and  detonates  violently 
when  struck. 

Dinitrososulplionates,  M2S03(NO)2. — The  acid  is  not  known, 

but  the  alkali-salts  are  formed  on  passing  nitric  oxide  into  the  solu- 
tion of  an  alkaline  sulphite,  or  by  the  action  of  sulphui'ous  acid  on 
a  solution  of  a  nitrite.  They  are  colourless  and  crystalline,  and  are 
decomposed  by  all  acids,  even  by  carbonic  acid,  into  sulphates  and 
nitrogen  monoxide,  K2S03(NO}2  =  K2S04-f-N20.  The  potassium  salt 
is  resolved  by  heat  into  potassium  sulphite,  K2SO3,  and  nitric 
oxide,  NO. 

Nitrosyl  Hydrogen  Sulphate,  NOHSO4  or  NOo.SOj.OH.— 
This  is  the  composition  of  the  lead-chamber  crystals,  formed  during 
the  manufacture  of  sulphuric  acid,  when  the  supply  of  steam  is  in- 
sufficient to  form  that  acid  at  once  (p.  133).  The  same  compound  is 
formed  by  the  action  of  strong  nitric  acid  on  sulphurous  oxide  : 

SOo  -f  NO2.OH  =  NO2.SO2.OH; 

by  passing  vapour  of  nitrosyl  chloride,  evolved  togetlier  with  chlorine 
from  aqua  rcgia,  into  sulphuric  acid  : 

NOCl  +  HO.SO2.OH  =  HCl  -1-  NO2.SO2.OH ; 

and  together  with  nitric  acid  by  the  action  of  nitrogen  tetroxide  on 
sulphuric  acid  : 

N2O4  -f-  HO.SO2.OH  =  NO2.OH  +  NO2.SO2.OH. 
It  crystallises  in  rhombic  prisms,  or  in  tabular  or  nodular  masses, 
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■which  begin  to  melt  and  give  off  vapour  at  30°.  It  dissolves  in 
small  quantities  of  cold  water,  forming  a  blue  liquid  contiiining 
sulphuric  and  nitrous  acids:  N02.S02.0H  +  HOH  =  HO.S02.0H  + 
NOjH.  It  dissolves  also  in  strong  sulphuric  acid,  forming  a  solu- 
tion which  can  be  distilled  without  decomiDOsition. 

Nitrosrjl  Pijro-sulphate,  (NO)2S207,  is  formed  by  the  action  of  heat 
on  the  foregoing  compound,  but  is  best  prepared  by  passing  dry 
nitric  oxide  into  sulphuric  oxide,  and  heating  the  resulting  solution 
nearly  to  the  boiling  point :  3S020  +  2NO  =  (N02.S02)20  +  S02.  It 
is  also  formed  by  the  action  of  sulphurous  oxide  on  nitrogen 
tetroxide,  and  by  heating  the  compound  mentioned  below.  It  crys- 
tallises in  hard  colourless  square  prisms,  melting  at  217°  to  a  yellow 
liquid  which  becomes  darker  at  a  higher  temperature,  and  distils  un- 
changed at  360°.  It  dissolves  readily  in  strong  sulphuric  acid, 
forming  nitrosyl  hydrogen  sulphate. 

A  compound  having  the  composition  (N02S03)n,  is  formed  when 
sulphuric  oxide  and  nitrogen  tetroxide  are  iDrought  together  at  a 
low  temperature,  and  separates  as  a  white  crystalline  mass,  which 
gives  off  oxygen  when  heated,  and  is  reduced  to  the  preceding  com- 
pound. 

Ammon-Sulphonates. 

The  names  sulphonic  acid  and  sulphonate  are  applied  to  derivatives 
of  unsymmetrical  sulphurous  acid,  H.SOj.OH,  formed  by  replacing 
the  first  hydrogen  atom  by  a  radicle  of  equivalent  combining 
capacity,  e.g.,  methyl  sulphonic  acid,  CHg.SOg.OH,  etc. 

The  following  compounds  therefore  must  be  regarded  as  having 
been  formed  from  ammonia  by  the  replacement  of  successive  atoms 
of  hydrogen  by  the  group  of  atoms  SO3H  or  SO3K.    Thus  : 

Ammonia,   NH3 

Ammon-sulphonic  acid,     .       .       .  NH2(S03H) 

Ammon-disulphonic  acid,  .      .       .  NH(S03H)2 

Ammon-trisulphonic  acid,  .       .       .  N(S03H)3. 

Similarly  the  hydroxylamine  derivatives  contain  HO  in  place  of 
H  in  the  molecule  of  ammonia. 

Hydroxylamine,     ....  NHaCHO) 
Hydroxylamine  disirlphonic  acid  or 

Hydroxy -ammon  -  disulphonic 

acid,   N(S03H)2(OH). 

Potassium  nitrilosul'phoTw.te,  or  ammon-trisul'plwnate,  N(S03K)3.2H20, 
is  obtained  as  a  crystalline  precipitate  on  adding  potassium  sulphite 
in  excess  to  a  solution  of  potassium  nitrite  (Raschig) : 

3K2SO3  -I-  KNO2  -t-  2H2O  =  N(S03K)3  +  4KH0. 

By  prolonged  contact  with  water,  or  by  boiling  the  solution,  this 
salt  yields  a  mixture  of  acid  potassium  sulphate  and  the  following. 
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Potassium  imido-sulphonate,  or  ammon-disulphonate,  NH(S03K)2. 
This  compound  is  best  prepared  by  moistening  the  foregoing  salt 
with  a  little  very  dilute  sulphuric  acid,  leaving  it  for  a  day,  then 
washing  it  with  cold  water  and  crystallising  from  a  slightly 
ammoniacal  solution.  When  mixed  with  the  calculated  quantity  of 
potash  it  yields  large  easily  soluble  crystals  of  a  basic  compound, 
NK(S03K)2.H20.  By  adding  mercuric  chloride  to  a  solution  of  this 
salt,  a  remarkable  mercuric  compound,  Hg[N(S03K)2]4H20,  is  ob- 
tained. 

Potassium  amido-sulphonate,  or  ammon-sulphonate,  NH2(S03K). 
When  the  preceding  tri-  or  disulphonates  are  boiled  with  water  they 
yield  acid  solutions,  for  example  : 

N(S03K)3  +  2H2O  =  NH2(S03K)  +  2KHSO4 . 

The  liquid  is  neutralised,  with  chalk,  filtered,  and  evaporated. 
After  the  calcium  and  potassiixm  sulphates  have  crystallised  out,  the 
solution  yields  very  soluble  crystals  of  potassium  ammon-sulphonate. 
From  this  the  acid,  NH2.SO3H,  may  be  obtained.  It  is  a  stable 
crystalline  substance. 

Potassium  -  hydroxylamine  -  disulphonate,  N(OH)(S03K)2.2H20. 
Sodium  nitrite  dissolved  in  ice-cold  water  is  mixed  with  sodium 
hydrogen  suljjhite  in  the  proportions  required  by  the  equation — 

NaNOg  +  2NaHS03  =  N(OH)(S03Na)2  +  NaHO. 

A  cold  saturated  solution  of  potassium  chloride  is  then  added, 
and  after  some  hours  the  potassium  hydroxylamine-disulphonate 
crystallises  out.  This  compound  is  very  unstable,  being  easily  re- 
solved into  potassium  sulphate  and  hydroxylamine-moiiosulphonate, 
N(0H)H(S03K).  This  last  in  its  turn,  by  boiling  with  water, 
yields  hydroxylamine  and  jjotassium  sulphates. 

An  easy  process  for  the  production  of  hydroxylamine,  therefore, 
consists  in  boUing  the  hydroxylamine-disulphonate  with  water  for 
some  hours. 

2N(OH)(S03K)2  -I-  4H2O  =  (NH30H)2SO^  +  2K2S04  +  HoSO^. 

From  this  the  potassium  sulphate  may  be  removed  by  crystallisation, 
and  the  hydroxylamine  salt  prepared  from  the  mother  liquids. 

By  the  action  of  sulphurous  acid  or  of  sulphites  iipon  a  strongly 
alkaline  solution  of  nitrite,  may  be  obtained  another  series  of  salts 
derived  from  the  hypothetical  dihydroxylamine,  NH(0H)2,  together 
with  more  complex  comiiounds  containing  2  atoms  of  nitrogen,  such 
as  the  sulphazotates  already  referred  to  fp.  151). 
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THE  PHOSPHOKUS  GROUP  OF  ELEMENTS. 

This  group  is  often  represented  as  comprising  nitrogen  as  well  as 
phosphorus,  arsenic,  and  the  imperfect  metals,  vanadium,  antimony, 
and  bismuth.  Nitrogen  has  already  been  described.  So  far  as 
concerns  the  element  nitrogen  itself  it  will  be  seen  that  it  has  no 
resemblance  to  phosphorus  and  only  a  distant  connection  with  it, 
arising  chiefly  out  of  the  analogy  between  the  compounds  with 
hydrogen  formed  by  these  two  elements. 

Eeserving  antimony  and  bismuth  for  treatment  at  a  later  stage 
the  characteristics  of  the  group,  fully  exhibited  by  phosphorus  and 
arsenic  though  only  imperfectly  so  by  antimony  and  bismuth,  may 
be  stated  as  follows : — The  elements  in  qiiestion  are  solids,  fusible  and 
volatile,  but  less  so  in  proportion  as  the  atomic  weight  is  greater. 
All  are  easily  oxidisable  when  heated  in  the  air  and  are  readily 
attacked  by  chlorine.  Their  compounds  with  chlorine  and  with 
oxygen  belong  to  two  types  represented  respectively  by  the  following 
general  formulce,  in  which  E  represents  an  atom  of  one  of  these 
elements, 

ECI3  E,  Oo 

ECI5  E.Oio- 

Their  oxides  united  with  the  elements  of  water  form  powerful 
acids. 

Phosphorus,  arsenic,  and  antimony  form  compounds  with  hydrogen 
corresponding  in  composition,  and  to  some  extent  in  properties,  with 
ammonia  which  is  represented  by  the  formula  NH3. 

As  in  other  groups  of  closely  related  elements,  the  atomic  weights 
in  the  phosphorus  group  stand  in  the  order  of  an  arithmetical  pro- 
gression.   The  following  is  the  most  important  series  : — 

Atomic  Weight.       Mean  of  Extremes. 

Phosphorus,  .  .  ,  31 
Arsenic,  ,  .  .  ,  75 
Antimony,        .      .  .120 

PHOSPHORUS. 

Symbol,  P.    Atomic  weight,  31.    Vapour-density,  62. 

The  name  phosphorus  {<pS)i,  light  (ph<^  I  bear),  was  formerly 
applied  to  any  substance  which  emitted  light  spontaneously.  It  is, 
however,  now  given  only  to  the  element  about  to  be  described. 

Phosphorus  in  the  state  of  phosphate  is  contained  in  the  ancient 
crystalline  rocks  and  in  lavas  of  modern  origiu.  As  these  disintegrate 


1  120  -f  31 
J  2 


PHOSPHORUS. 


and  crumble  down  into  fertile  soil,  the  phosphates  pass  into  the 
organism  of  plants,  and  ultimately  into  the  bodies  of  the  animals  to 
■which  the  plants  serve  for  food.  The  earthy  phosphates  play  a  very 
important  part  in  the  structure  of  the  animal  frame,  by  communi- 
cating stiffness  and  inflexibility  to  the  bony  skeleton. 

Phosphorus  was  discovered  in  1669  by  Brandt,  of  Hamburg,  who 
prepared  it  from  urine,  by  evaporating  to  a  syrup  and  distilling  the 
residue  mixed  with  sand.  It  is  now  invariably  prepared  from  a 
mineral  phosphate,  of  which  large  deposits  occur  in  Spain,  Canada, 
the  West  Indies,  and  other  countries. 

The  following  is  an  outline  of  the  method  of  preparation  now 
adopted: — The  phosphate  of  calcium  (a2Jatite)ov  of  aluminium  (Becionda 
phosphate)  is  ground  to  powder  and  mixed  with  diluted  sulphuric 
acid  in  quantity  sufiicient  to  take  out  the  whole  of  the  metal  in  the 
form  of  sulphate  and  render  the  phosphorus  soluble  as  phosphoric 
acid : — 

Cag  (P04)2  +  3H2SO4  =  SCaSO^  +  2H3PO4 . 

The  calcium  phosphate  is  filtered  off  and  the  clear  solution 
evaporated  to  a  syrupy  consistence  and  mixed  with  coal  dust,  and  the 

drying  completed  at  a 
high  temperature  in  iron 
pans.  In  this  process 
the  coal  is  partly  coked 
and  the  phosphoric 
acid  is  converted  into 
metaphosphoric  acid  : — 
H3P04  =  H20  +  HP03. 

The  residue  when 
quite  dry  is  introduced 
into  fireclay  tube-shaped 
retorts  which  are  ar- 
ranged in  a  double  row 
in  a  furnace  by  which 
tbey  can  be  heated  to 
bright  redness,  as  shown 
in -the  adjoining  figure. 

The  neck  of  each 
retort  is  closed  by  a 
wide  bent  tube  termin- 
ating in  an  iron  pipe  which  dips  into  a  trough  of  water.  Carbonic 
oxide  and  hydrogen  escape  accompanied  by  a  little  phosiihoretted 
hydrogen  and  the  vapour  of  phospliorus.  The  last  condenses  and 
collects  under  the  surface  of  the  water  which  protects- it  from  the 
action  of  the  air. 

4HPO3  +  12c  =  2H2  +  12C0  -f-  P^. 

The  product  is  a  reddish-brown  fusible  substance  which  is  purified 
by  melting  and  straining  from  a  small  quantity  of  an  infusible  oxide. 
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Phospliorus  when  pure  is  perfectly  colourless  but  it  usually 
presents  the  aspect  of  white  wax,  and  is  so!t  and  flexible  at  common 
temperatures.  It  is  usually  sold  in  the  form  of  sticks,  which  were 
formerly  obtained  by  drawing  up  the  melted  substance  into  glass 
tubes.  This  dangerous  process  has,  however,  long  been  superseded 
by  the  plan  of  melting  the  phosphorus  in  a  small  tank  by  means  of 
warm  water,  and  allowing  it  to  flow  through  brass  tubes  laid 
horizontally  upon  a  table  covered  with  water,  from  which  the  phos- 
phorus may  be  drawn  in  the  form  of  a  continuous  rod. 

The  density  of  solid  phosphorus  is  1-836  at  0°,  and  that  of  its 
vapour  4'35,  air  being  unity,  or  61"92  referred  to  hydrogen  as  unity. 
Applying  the  usual  rule  the  molecular  weight  of  phosphorus  is  there- 
fore the  double  of  this  number  or  124.  Hence  the  formula  must  be 
written  P^,  which  represents  a  quantity  equal  to  four  times  31,  which 
is  the  atomic  weight. 

Phosphorus  melts  at  44°,  and  boils  at  280°.  On  slowly  cooling 
melted  phosphorus,  well-formed  dodecahedrons  are  sometimes  ob- 
tained, but  crystals  are  most  easily  formed  by  sealing  up  a  piece  of 
dry  phosphorus  in  a  large  tube  from  which  the  air  has  been  com- 
pletely exhausted.  The  phosphorus  slowly  sublimes  in  brilliant 
crystals,  resembling  the  diamond  in  form  and  lustre.  Phosphorus  is 
insoluble  in  water,  and  is  usually  kept  immersed  in  that  liquid,  but 
it  dissolves  in  oil,  in  mineral  naphtha,  and  especially  in  carbon 
bisulphide.  When  set  on  fire  in  the  air,  it  burns  with  a  bright  flame, 
generating  phosphoric  oxide.  It  is  exceedingly  inflammable,  some- 
times taking  fire  in  tlie  hand,  and  demands  great  care  in  its  manage- 
ment ;  a  blow  or  hard  rub  will  very  often  kindle  it.  A  stick  of 
phosphorus  held  in  the  air  always  appears  to  emit  a  whitish  smoke, 
which  is  luminous  in  the  dark.  This  effect  is  chiefly  due  to  a  slow 
combustion  which  the  phosphorus  undergoes  by  the  oxygen  of  the 
air,  and  upon  it  depends  one  of  the  methods  employed  for  the 
analysis  of  air,  as  already  described.  It  is  singular  that  the  slow 
oxidation  of  phosphorus  may  be  entirely  prevented  by  the  presence 
of  a  small  quantity  of  olefiant  gas,  or  the  vapour  of  ether,  or  some 
essential  oil ;  phosphorus  may  even  be  distilled  in  an  atmosphere 
containing  vapour  of  oil  of  turpentine  in  considerable  quantity. 
Neither  does  the  action  go  on  in  pure  oxygen — at  least  at  the 
temperature  of  15-5°,  which  is  very  remarkable;  but  if  the  gas  be 
rarefied,  or  diluted  with  nitrogen,  hydrogen,  or  carbon  dioxide,  oxida- 
tion is  set  up. 

A  very  remarkable  modification  of  this  element  is  known  by  the 
name  of  r  e  d  or,  improperly,  amorphous  phosphorus.  It  was 
discovered  by  Schrotter,  and  is  made  by  exposing  common  phosphorus 
for  several  days  at  a  temperature  of  240°  to  250°,  in  an  atmosphere 
which  is  unable  to  act  chemically  upon  it.  At  this  temperature  it 
becomes  red  and  opaque,  and  insolitble  in  carbon  bisulphide,  and  is 
also  unacted  upon  Dy  alkaline  solutions,  whereby  it  may  be  separated 
from  ordinary  phosphorus. 

It  is  manufactured  by  filling  with  common  phosphorus  a  large 
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iron  pot  set  in  brickwork  over  a  small  fire  grate.  The  moutt  of  tlie 
pot  is  closed,  and  heat  applied,  when,  of  course,  the  phosphorus 
melts,  and  ignites  at  the  surface.  The  oxygen  in  the  small  confined 
portion  of  air  is,  however,  immediately  absorbed,  and  the  heating 
can  be  continued  without  further  loss  of  phosphorus.  At  the  end  of 
about  a  week  the  phosphorus  becomes  much  less  fusible  and  solidi- 
fies. The  compact  mass  is  extracted,  ground  to  powder,  and  boiled 
with  solution  of  soda,  which  extracts  the  unchanged  waxy  phos- 
phorus, and  leaves  the  new  variety  in  the  form  of  a  dark  red 
powder. 

This  substance  is  also  formed  when  common  phosphorus  is  melted 
in  an  atmosphere  of  nitrogen  or  carbon  dioxide,  in  which  it  does  not 
burn,  and  a  very  small  quantity  of  iodine  is  thrown  in.  A  good 
deal  of  heat  is  evolved,  and  the  phosphorus  is  almost  instantly  con- 
verted into  the  red  modification.  This  substance  varies  considerably 
in  colour,  according  to  the  temperature  at  which  it  has  been  formed. 
Its  density  also  varies  from  about  2'1  to  2*2.  It  is  infusible,  but 
when  heated  to  a  high  temperature,  about  350°,  it  is  reconverted 
into  the  colourless  kind.  It  does  not  fume  in  the  air,  neither  is  it 
luminous  in  the  dark  till  the  temperature  is  raised  considerably.  It 
may  be  preserved  in  contact  with  the  air,  and  only  after  years  shows 
signs  of  slow  oxidation  by  the  gradual  accumulation  of  a  mixture  of 
phosphorous  and  phosphoric  acids,  in  consequence  of  which  it  be- 
comes damp. 

Eed  phosjjhorus  is  largely  consumed  in  the  manufacture  of 
matches,  and  especially  as  an  ingredient  in  the  coating  applied  to 
the  boxes  of  safety  matches. 

Several  other  modifications  of  phosphorus  are  known,  one  of  which 
appears  as  a  white  opaque  crust  on  clear  phosphorus  when  exposed 
to  light.  A  crystalline  variety  of  red  phosphorus  is  obtainable  by 
heating  together  common  phosphorus  and  metallic  lead,  in  a  tube 
from  which  air  is  excluded,  to  a  temperature  above  the  melting 
point  of  lead.  The  mass,  after  cooling,  is  treated  with  dilute  nitric 
acid,  which  dissolves  out  the  lead,  while  the  phosphorus  remains  in 
the  form  of  nearly  black  rhombohedrous  isomorphous  with  arsenic, 
antimony,  and  bismuth,  and  having  the  density  2  •34. 

Phosphorus  Hydrides. 

Phosphine. — Phosphoretted  Hydrogen,  PH3. — This  body  is  analogous 
in  some  of  its  chemical  relations  to  ammonia  gas  ;  its  alkaline  pro- 
jjerties  are,  however,  much  weaker. 

It  may  be  obtained  in  a  state  of  purity  by  heating  phosi^horous 
acid  in  a  small  retort,  the  acid  being  then  resolved  into  phosphine 
and  phosphoric  acid  : 

4H3PO3  =  PH3  +  3H3PO,  ; 

or  by  heating  phosphouium  iodide  with  caustic  potash  : 

PH^I  +  KHO  =  PH3  +  KI  +  H.fi . 
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Thus  obtained,  the  gas  has  a  density  of  1-20  (referred  to  air),  or 
16-98  (referred  to  hydrogen),  which  number  is  the  half  of  its 
molecular  weight.  It  contains  three  volumes  of  hydrogen  and  half 
a  volume  of  phosphorus  vapour,  condensed  into  two  volumes.  It 
has  a  highly  disagreeable  odour  of  garlic,  is 
slightly  soluble  in  water,  and  burns  with  a  ^"ig-  83. 

brilliant  white  flame,  forming  water  and 
phosphoric  acid. 

Experiment. — Phosphine  may  also  be  pro- 
duced by  boiling  together,  in  a  small  flask, 
fitted  with  a  tube  of  the  form  shown  in  the 
figure,  solution  of  caustic  potash  and  a  few 
pieces  of  phosphorus  as  large  as  a  pea ;  the 
vessel  should  be  filled  to  the  neck,  and  the 
residual  air  displaced  by  coal  gas  to  avoid 
risk  of  explosion.  The  extremity  of  the 
tube  dips  into  water.  On  applying  heat,  the 
following  reaction  occurs  : — 

+  3KH0  +  3H2O  =  PH3  +  3KPH2O2 
Potassium  Potassium 
hydroxide.  hsrpophosphite. 

The  phosphine  prepared  by  this  process  has  the  singular  property 
of  spontaneous  inflammability  when  admitted  into  the  air  or  into 
oxygen  gas  ;  the  oxide  smoke  produces  in  a  still  atmosphere  beautiful 
vortex  rings.  The  experiment  should  be  performed  in  a  fume 
chamber.  Reserve  the  solution  for  a  future  experiment.  {See  "  Hypo- 
phosphorous  Acid.") 

Gas  possessing  the  same  property  is  obtained  by  the  action  of 
water  upon  calcium  phosphide,  a  substance  obtained  in  an  impure 
state  by  igniting  lime  in  phosphorus  vapour.  It  is  therefore  used 
occasionally  to  produce  a  signal  fire  at  sea. 

When  kept  over  water  for  some  time,  the  gas  loses  th.e  self-lighting 
property,  without  otherwise  suffering  appreciable  change  ;  but  if 
dried  by  calcium  chloride,  it  may  be  kept  unaltered  for  a  much 
longer  time.  The  spontaneous  combustibility  of  the  gas  arises  from 
the  presence  of  the  vapour  of  a  liquid  hydrogen  phosphide,  PgH^, 
which  may  be  obtained  in  small  quantity  by  conveying  the  gas  pro- 
duced by  the  action  of  water  on  calcium  phosphide  through  a  tube 
cooled  by  a  freezing  mixture.  This  substance  forms  a  colourless 
liquid  of  high  refractive  power  and  very  great  volatility.  It  does 
not  solidify  at  - 17'8°  C.  In  contact  with  air  it  inflames  instantly, 
and  its  vapour  in  very  small  quantity  communicates  spontaneous 
inflammability  to  pure  phosphine,  and  to  all  other  combustible  gases. 
It  is  decomposed  by  light  into  gaseous  phosphine,  and  a  solid  phos- 
phide, P4H2,  which  is  often  seen  on  the  inside  of  jars  containing  gas 
which,  by  exposure  to  light,  has  lost  the  property  of  spontaneous  in- 
flammation.   Strong  acids  also  cause  the  formation  of  this  solid  com- 
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pound,  and  consequently  spontaneously  inflamnialjle  gas  loses  this 
property  after  passing  through  strong  hydrochloric  acid.  It  is  to  be 
observed  that  pure  phosphine  gas  itself  becomes  spontaneously  in- 
flammable if  heated  to  the  temperature  of  boiling  water. 

Phosphine  decomposes  several  metallic  solutions,  giving  rise  to 
precipitates  of  insoluble  phosphides. 

Compounds  of  Phosphine  with  Hydracids. 

Phosphine  unites  with  hydrogen  chloride,  bromide,  and  iodide, 
forming  crystalline  compounds,  which  are  in  every  respect  analogous 
to  the  corresponding  ammonium  compounds  (q.v.). 

Phosphonium.  Ammonium. 

Chloride,      .      .    PH3HCI  or  PH^Cl  NH3HCI  or  NH.Cl 

Bromide,      .       .    PH^HBr  or  PH^Br  NHsHBr  or  NH.Br 

Iodide,.      .      .    PH3HI    orPHJ  NH3HI  orNH^I. 

The  ammonium  salts  are  quite  stable  at  common  temperatures 
and  may  be  crystallised  without  change  from  water.  The  phos- 
phonium compounds,  on  the  contrary,  are  very  unstable,  the  chloride 
and  bromide  being  resolved  at  common  temperatures  into  phosjihine 
and  the  hydrogen  chloride  or  bromide.  The  iodide  is  somewhat 
more  stable,  and  may  be  preserved  in  a  bottle,  though  in  the  air  the 
crystals  deliquesce,  and  are  slowly  decomposed. 

The  iodide  is  best  prepared  by  the  action  of  water  upon  a  mixture 
of  phosphorous  iodide  and  phosphorus  obtained  by  dissolving  10 
parts  of  common  phosiihorus  in  carbon  bisulphide,  placing  the  solu- 
tion in  a  retort  with  a  wide  neck,  and  adding  gradually  to  it  a 
solution  of  17  parts  of  iodine  in  the  same  solvent.  The  carbon 
bisulphide  is  distilled  off  by  a  water  bath,  the  last  portion  being  ex- 
pelled by  a  current  of  carbon  dioxide.  When  the  retort  has  become 
quite  cold,  water  is  allowed  to  drop  slowly  upon  the  residue,  when 
much  heat  is  generated,  and  the  phosphonium  iodide  sublimes,  and 
collects  in  the  neck  of  the  retort  in  the  form  of  a  white  crystalline 
crust. 

The  reaction  very  complicated,  but  the  final  result  is  probably  as 
follows  : 

3PI3  +  lOP  +  24H2O  =  7PHJ  -I-  2HI  +  6H3PO4. 

Phosphorus  Chlorides. 

Phosphorus  forms  two  chlorides,  analogous  in  composition  to  the 
oxides,  the  quantities  of  chlorine  combined  with  the  same  quantity 
of  phospliorus  being  in  the  proportion  of  3  to  5. 

Phosphorus  Trichloride,  or  Phosphorous  Chloride,  PCI,,  is 
prepared  by  passing  a  slow  stream  of  dry  chlorine  over  dry  pnos- 
phorus  contained  in  a  flask  or  retort  connected  with  a  dry  condenser. 
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The  product  is  accompanied  with  a  small  quantity  of  the  higher 
chloride,  from  which  it  must  he  freed  hy  redistillation  from  some 
fresh  phosphorus.  Phosphorus  trichloride  is  a  thin,  colourless 
liquid,  which  fumes  in  the  air.  It  boils  at  76°.  Its  density  is 
1'6.  Thrown  into  water  it  sinks  to  the  bottom,  and  is  slowly 
decomposed,  yielding  phosphorous  acid  and  hydrochloric  acid  : 
PCI3  +  3H2O  =  3HC1  +  H3PO3. 

Phosphorus  Pentachloride,  or  Phosphoric  Chloride,  PClg,  is 
formed  when  phosphorus  is  burned  in  excess  of  chlorine.  As  the 
product  in  this  case  is  a  solid  substance,  the  tiask  or  retort  in  which 
the  phosphorus  is  placed  must  have  a  wide  neck.  A  rapid  stream  of 
chlorine  passed  in  causes -the  phosphorus  to  take  fire,  and  burn  with 
a  pale  flame.  It  may  be  also  obtained  by  passing  a  stream  of  dry 
chlorine  gas  into  the  liquid  trichloride,  which  becomes  gradually 
converted  into  a  solid  crystalline  mass.  Phosphorus  ijentachloride  is 
decomposed  by  water,  yielding  phosphoric  and  hydrochloric  acids  : 
PCI5+ 4H2O  =  5HCI  +  H3PO4. 

Phosphorus  pentachloride,  when  vaporised,  is  resolved  into  the 
trichloride  and  free  chlorine,  the  colour  of  which  is  visible. 

Phosphorus  Oxychloride,  POCI3,  is  produced,  together  with 
hydrochloric  acid,  when  phosphorus  pentachloride  is  heated  with  a 
quantity  of  water  insufficient  to  convert  it  into  phosphoric  acid.  It 
is  best  prepared  by  distilling  the  pentachloride  with  dehydrated 
oxalic  acid  or  crystallised  boric  acid  : 

PClg  +  H2CA  =  POCI3  +  2HC1  +  CO2  +  CO 
3PCI5  +  2E3BO3  -  3POCI3  +  B2O3  +  6HC1. 

It  is  a  colourless  liquid,  of  sp.  gr.  1-7,  having  a  very  pungent 
odour,  boiling  at  107°,  readily  decomposed  by  water  into  hydrochloric 
and  phosphoric  acids. 

A  thiochloricle  of  analogous  composition  is  produced  by  the  action 
of  hydrogen  sulphide  on  the  pentachloride,  or  by  direct  addition  of 
sulphur  to  the  trichloride.  It  is  a  colourless  mobile  liquid,  \yhich 
boils  at  125°,  and  is  dec9mposed  by  water. 

Phosphorus  Iodides. 

Two  iodides  are  known,  P2I4  and  PI3.  Both  are  obtained  by 
dissolving  phosphorus  and  iodine  in  carbon  bisulphide,  mixing  the 
solutions,  and  cooling  the  liquid  till  crystals  are  deposited.  What- 
ever proportions  of  iodine  and  phosphorus  may  be  used,  these  two 
compounds  always  crystallise  out,  mixed  with  excess  either  of  iodine 
or  01  phosphorus.  The  di-iodide  is  an  orange-red  solid  which  melts 
at  110°,  forming  a  red  liquid.  The  tri-iodide  melts  at  55°,  and 
crystallises  on  cooling  in  well-defined  dark  red  prisms.  Both  are 
decomposed  by  water,  yielding  hydriodic  and  phosphorous  acids,  the 
di-iodide  also  depositing  yellow  flakes  of  phosphorus. 
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Phosphorus  Fluorides,  Etc. 

Phospliorus  Trifluoride,  PF3,  is  a  colourless  gas  which  is 
obtained  by  heating  phosphorus  tribromide  with  zinc  fluoride  and  in 
other  ways.  It  is  incombustible,  but  may  be  made  to  combine  with 
oxygen,  forming  phosphoryl  fluoride,  POF3. 

Phosphorus  Pentafluoride,  PFg. — This  interesting  compound  is 
obtained  by  the  action  of  arsenic  trifluoride  on  phosphorus  penta- 
chloride  : 

5ASF3  +  3PCI5  =  5ASCI3  +  3PF5, 

or  by  adding  bromine  to  phosphorus  trifluoride.  A  bromo-fluoride, 
PFaBrg,  is  formed  which  spontaneously  decomposes  into  phosphorus 
pentafluoride  and  pentabromide  : 

5PF3Br2  =  3PF.  +  2PBr5. 

This  is  a  colourless  gas,  having  a  density  63,  compared  with 
hydrogen.  This  corresponds  to  the  formula  PF5,  and  since  the  gas 
is  of  great  stability,  the  existence  of  this  compoimd  shows  that 
phosphorus  in  combination  with  five  atoms  of  a  halogen  may  form  a 
compound  which  is  not  dissociated  or  decomposed  when  converted 
into  gas. 

The  pentachloride  is  resolved  by  heat  into  the  trichloride  and 
chlorine,  and  the  pentabromide  is  similarly  decomposed  when  con- 
verted into  vapour. 

The  remaining  halogen  compounds  of  phosphorus  are  comparatively 
unimportant.  A  complete  list  of  these  compounds,  as  at  present 
known,  is  given  below. 


PF3 

POF3 

PSF3 

PCI2F3 
PBr2F3 

PF5 

•  •  • 

PC13 

POClj 

PSCI3 

PCI5 

P2O3CI4 

P0Br3 

PSBrg 

PBrici3 

PBr^ 

PClgBr^ 

POBrCU 

PSBrCla 

PCljBre 

PgSsBr^ 

PSgBr 

•  •  • 

1^214 

PI3 

Phosphorus  Oxides. 

In  addition  to  the  unimportant  insoluble  monoxide,  there  are 
three  definite  oxides  of  phosphorus,  in  which  the  quantities  of  oxygen 
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united  with  the  same  quantity  of  phosphorus  are  to  one  another,  as 


3,  4,5 


Composition  by  weight. 

A 


Formula. 

Phosphorus. 

Oxygen 

P4O 

124 

+ 

116 

.  P4O6 

124 

+ 

96 

.  P.O4 

62 

+ 

64 

.  P4O10 

124 

+ 

160 

Phosphorus  Monoxide, 
Phosphorous  Oxide, 
Phosphorus  Tetroxide, 
Phosphoric  Oxide, 

These  three  last  oxides,  unite  with  water  and  metallic  oxides  to 
form  salts,  called  phosphites  and  phosphates,  the  hydrogen 
salts  being  also  called  phosphorous  and  phosphoric  acid. 
There  are  also  two  other  oxygen-acids  of  phosphorus,  viz.,  hypo- 
phosphorous  acid  containing  a  smaller  proportion  of  oxygen  than 
phosphorous  acid,  and  hypophosphoric  acid  intermediate  in  composi- 
tion between  phosphorous  and  phosphoric  acids. 


Phosphorus  Monoxide,  P4O. — This  is  a  red  powder  formed  when 
phosphorus  is  burned  in  a  limited  supply  of  air,  as  for  example  by 
melting  phosphorus  under  warm  water  and  blowing  air  into  it.  It 
is  insoluble  in  water,  and  therefore  easily  separated  from  the  other 
oxides  which  are  formed  at  the  same  time,  and  all  of  which  dissolve 
in  water  giving  an  acid  solution. 


Hypophosphorous  Acid,  H3PO2. — When  phosphorus  is  boiled 
with  a  solution  of  potash,  lime,  or  baryta,  water  is  decomposed, 
giving  rise  to  phosphine  and  a  hypophosphite  :  the  first  escapes  as 
gas,  and  the  hypophosphite  remains  in  the  solution  : 

-t-  SBaHgOg  +  6H2O  =  3BaH(P02)2  +  2H3P. 

The  soluble  hypophosphite  maybe  crystallised  out  from  the  liquid 
by  slow  evaporation.  On  adding  to  the  liquid  the  quantity  of 
sulphuric  acid  necessary  to  precipitate  the  barium,  the  hypophos- 
phorous  acid  is  obtained  in  solution,  and  may  be  reduced  to  a  syrupy 
consistence  by  evaporation.  The  pure  acid  is  a  white  crystalline 
substance  which  melts  at  about  170°.  The  acid  is  very  prone  to 
absorb  more  oxygen,  and  is  therefore  a  powerful  deoxidising  agent. 
Hypophosphites  containing  metals  of  the  alkalis  or  alkaline  earths,  are 
soluble  in  water.  Hypopliosphorous  acid  reduces  the  heavy  metals 
from  solutions  of  their  salts. 

Experiment.— Take  the  solution  obtained  in  the  preparation  of 
phosphine  (p.  173),  pour  it  off  from  any  undissolved  phosphorus, 
acidily  slightly  with  dilute  sulphuric  acid,  and  add  solution  of  copper 
sulphate.    A  dark  brown  precipitate  of  cuprous  hydride,  CujHg,  ia 

3H3PO2  +  4CuS0.,  +  6H2O  = 

3H3PO,  +  2CU2H2  +  4ILS0.. 
VOL.  I.  M 
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Filter  this  off  and  warm  it  with  some  strong  hydrochloric  acid ; 
hydrogen  is  evolved  : 

CugHj  +  2HC1  =  CU2CI2  +  2H2. 

Phosphorous  Oxide,  P4O6,  is  formed  by  the  slow  combustion  of 
phosphorus  in  a  stream  of  air.  It  is  very  fusible  and  somewhat 
volatile,  and  by  taking  advantage  -oi  this  circumstance  it  may  be 
separated  without  much  difficulty  from  the  higher  oxide  which  is 
formed  at  the  same  time.  Its  formation  may  be  easily  demonstrated 
by  burning  a  piece  of  phosphorus  at  one  end  of  a  piece  of  combustion 
tubing  5  or  6  feet  long,  through  which  a  current  of  air  is  drawn. 
The  snowy  white  dejjosit  at  the  farther  end  of  the  tube  will  be  found 
to  melt  on  grasping  the  tube  with  the  hand,  or  applying  a  gentle 
heat  by  any  other  means.  It  is  most  conveniently  prepared  in  an 
apparatus  devised  by  Thorpe  and  Tutton,  who  first  obtained  it  in 
a  pure  state.  A  wide  glass  tube  open  at  each  end  is  connected  at 
one  extremity  with  a  brass  tube  surrounded  by  a  water-jacket,  like 
a  Liebig  condenser.    This  in  turn  is  attached  to  a  U  -shaped  glass 


Fig.  84. 


tube,  which  can  be  surrounded  by  a  freezing  mixture,  and  which 
communicates  below  with  a  dry  bottle  for  the  reception  of  the  pro- 
duct. If  now  phosphorus  is  introduced  in  successive  portions  into 
the  open  end  of  the  wide  glass  tube,  and  made  to  burn  by  means  of 
a  stream  of  air  drawn  through  the  whole  apparatus  by  an  aspirator 
attached  at  the  opposite  extremity,  the  oxides  formed  are  swept 
forwarl  into  the  condenser.  This  part  of  the  arrangement  is  kept  at 
a  temperature  of  about  25°,  and  the  tube  contains  a  loose  plug  of 
sla"  wool  or  asbestos,  by  means  of  Avhich  the  phosphoric  oxide  is 
arrested,  while  the  volatile  phosphorous  oxide  passes  on  and  is  con- 
densed in  the  U-tube.  When  a  sufficient  deposit  of  crystalline 
matter  is  observed  in  this  tube,  the  freezing  mixture  is  removed  and 
the  tube  warmed  gently.  The  crystalline  oxide  then  melts  and  runs 
into  the  bottle. 

Phosphorous  oxide  is  a  white  solid  which  melts  at  22-5°.   It  boils 
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at  1731°.  The  density  of  its  vapour  corresponds  with  the  formula 
P40g,  and  not  with  the  simpler  expression  P2O3.  It  oxidises  on 
exposure  to  the  air,  and  when  dropped  into  warm  oxygen  gas  it  burns 
spontaneously  with  a  vivid  Avhite  light.  Phosphorous  oxide  dissolves 
in  cold  water  rather  slowly,  forming  phosphorous  acid  : 

P4O6  +  6H2O  =  4H3PO3. 

Phosplicrous  Acid,  H3PO3,  is  most  conveniently  prepared  by 
adding  water  to  the  trichloride  of  phosphorus,  when  phosphorous 
acid  and  hydrochloric  acid  are  produced  : 

PCI3  +  3HoO  =  3HC1  +  B.3V63. 

By  evaporating  the  solution  to  the  consistence  of  syrup,  the  hydro- 
chloric acid  is  expelled,  and  the  residue  crystallises  on  cooling. 

Phosphoi'ous  acid  is  very  deliquescent,  and  very  prone  to  attract 
oxygen  and  pass  into  phosphoric  acid.  When  heated  it  is  resolved 
into  phosphoric  acid  and  pure  phosphine  gas  : 

4H3PO3  =  H3F  +  3H3PO4. 

Experivient. — Into  a  large  test-tube  half  filled  with,  water  drop  a 
piece  of  phosphorus.  Apply  a  gentle  heat  so  as  to  melt  the  phos- 
phorus, and  then  allow  chlorine  to  pass,  bubble  by  bubble,  slowly  into 
the  phosphorus.  The  resulting  solution  contains  both  phosphorous 
and  hydrochloric  acids.  To  one  portion  of  it  add  mercuric  chloride  ; 
a  white  precipitate  of  mercurous  cliloride  is  formed.  To  another 
portion  add  copper  sulphate  ;  no  precipitate  is  produced  as  with 
hypophosphorous  acid. 

Phosphorus  Tetroxide,  P2O4.  When  the  product  of  the  com- 
bustion of  phosphorus  in  a  limited  supply  of  dry  air  is  heated  in  a 
vacuum  to  about  290°,  it  is  resolved  into  a  residue  of  reddish  sub- 
oxide and  a  sublimate  of  colourless  crystals,  which  consist  of  the 
tetroxide.  The  new  compound  is  very  deliquescent  and  soluble  in 
water,  forming  a  mixture  of  phosphorous  and  phosphoric  acids,  the 
reaction  corresponding  to  tliat  of  nitrogen  tetroxide  with  water  : 

P2O.,  -f  3H2O  =  H3PO3  H3PO4. 

Phosphoric  Oxide,  or  Phoqjhoric  Anhydride,  Ffi^^. — When 
phosphorus  is  burned  by  the  aid  of  a  copious  supply  of  dry  air,  snow- 
like phosphoric  oxide  is  produced  abundantly.  Exposed  to  the  air 
for  a  few  moments,  phosphoric  oxide  deliquesces  to  a  liquid,  and 
when  thrown  into  water,  combines  with  the  latter  with  explosive 
violence,  and  is  converted  into  metaphosphoric  acid. 
_  lixperiment.—Vlace  a  small  piece  of  phosphorus  on  a  dry  plate, 
'a  f"^*^  immediately  cover  with  a  large  dry  beaker  or  bell-jar. 

u  ^'^v^^  combustion  is  over,  notice  the  red  residue  of  amorphous 
phosphorus  and  the  white  flakes  of  oxide.  The  latter  may  be  quickly 
collected  by  a  dry  spatula  and  dropped  into  water,    A  strongly  acid 
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solution  of  metaphosplioric  acid  results  ;  boil  it  for  a  quarter  of  an 
Lour,  tlien  pour  a  little  of  it  into  a  test-tube,  add  solution  of  silver 
nitrate  and  a  few  drops  of  solution  of  potash.  A  yellow  precipitate 
of  silver  orthophosphate,  AggPO^,  is  thrown  down. 

Phosphoric  oxide  prepared  by  combustion  in  air  is,  however, 
always  contaminated  with  small  quantities  of  the  lower  oxides  of 
phosphorus.  These  may  be  detected  by  dissolving  the  product  in 
■water  and  adding  to  the  solution  a  small  quantity  of  mercuric 
chloride.  On  warming  the  liquid  a  white  precipitate  of  mercurous 
chloride  makes  its  appearance  if  phosphorous  acid  is  present : 

2HgCU  +  HoO  +  H3PO,  =  Hg.Cl,  +  2HC1  +  HaPO^, 

whereas  no  visible  change  occurs  if  the  phosphoric  acid  is  pure.  To 
obtain  pure  phosphoric  oxide  the  commercial  substance  must  be 
heated  in  a  combustion  tube  in  a  stream  of  dry  oxygen  gas,  and  the 
vapour  carrieil  through  a  mass  of  spongy  platinum  placed  in  the 
front  part  of  the  tube,  heated  to  redness.  The  pure  phosj)horic 
oxide  is  then  carried  forward  by  the  excess  of  oxygen,  and  may  be 
collected  in  the  form  of  a  crystalline  crust  in  a  dry  tube  attached  to 
the  combustion  tube. 

Phosphoric  oxide  does  not  melt  when  heated,  even  in  air  com- 
pressed to  upwards  of  seven  atmospheres.  It  volatilises  at  a 
temperature  below  redness  and  is  not  altered  by  heat.  Its  vapour 
density  at  a  bright  red  heat  is  142  (H  =  l)  (Tilden  and  Barnett), 
whence  the  molecular  weight  is  284  and  must  be  represented  by  the 
formula  P40^fl.  This  compound  therefore  conforms  to  the  type  of 
phosphorus  itself  and  of  the  other  oxides  of  phosphorus  and  the 
allied  elements,  arsenic  and  antimony,  the  volatilisable  oxides  of 
which  have  the  formultc  As^Og  and  Si\Oq  respectively. 

Phosphoric  Acid,  Common  or  Ortlwphosplwric  Acid,  H3PO4.— This 
important  compound  may  be  obtained  ;  (1)  by  dissolving  phosphoric 
oxide  in  water  and  boiling  the  solution  for  some  time  ;  (2)  by  boiling 
I^hosphorus  with  diluted  nitric  acid  till  dissolved,  and  then  evapo- 
rating off  the  excess  of  nitric  acid  ;  (3)  by  treating  calcium  phosphate 
in  the  form  of  bone-ash,  with  strong  sulphuric  acid  sufficient  to 
remove  the  greater  part  of  the  calcium  in  the  form  of  calcium 
sulphate,  dissolving  out  the  soluble  product  with  water  and  preci- 
pitating with  a  slight  excess  of  ammonium  carbonate,  so  as  to  get 
rid  of  the  remainder  of  the  calcium.  The  solution  filtered  from 
calcium  carbonate  then  coutains  ammonium  phosphate  with  a  little 
sulphate.  By  evaporating  this  to  dryness  and  heating  the  residual 
salt  strongly,  raetaphosphoric  acid  remains  and  may  be  converted 
into  common  phospnoric  acid  by  redissolving  in  boiling  water. 

Pure  phosphoric  acid  may  be  obtained  from  the  solution  resulting 
from  either  of  these  operations  by  evaporating  it  at  a  low  temperature 
to  a  thin  syrup,  and  then  exposing  the  liquid  to  further  evaporation 
at  common  temperatures  in  a  vacuum  ;  phosphoric  acid  crystallises 
iu  rhombic  prisms  which  melt  at  41°- 42  . 
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Phosphoric  acid  forms  three  classes  of  salts  by  exchange  of  1,  2,  or 
3  atoms  of  hydrogen  for  an  equivalent  quantity  of  a  metal.  The 
phosphates  of  sodium  and  of  calcium  for  example  are  represented  in 
the  anhydrous  state  by  the  following  formulse  : 

NaHoPO^  Ca(H.PO^), 
NasHPOi  Ca,(HPOj:; 
NaaPO,  Ca;(PO,),  ' 

When  common  phosphoric  is  exposed  to  beat  it  loses  the  elements  of 
water  and  gives  rise  to  two  other  acids  :  pyrophosphoric  acid  formed 
at  about  215°,  and  metaphosphoric  acid  formed  by  heating  common 
or  pyrophosphoric  acid  to  higher  temperatures  : 

2H3PO,,       =        H.,0       +  H4P2O7 

Pyro. 

2H3PO,j       =       2H.,0       +  H,P,0(j 

Sleta. 

or  H4P20r      =        HgO       +  H^PA 

Jleta. 

These  compounds  are  reconverted  into  common  phosphoric  acid  by 
protracted  boiling  with  water. 

Pyrophosphoric  Acid,  H^PgO,..— This  is  a  solid  glassy  deliques- 
cent substance  soluble  in  water  and  slowly  converted  by  boiling 
water  into  common  phosphoric  acid. 

It  forms  four  classes  of  salts,  the  composition  of  which  is  repre- 
sented by  the  following  formula  in  which  M  stands  for  one  atom  of 
a  metal  such  as  sodium  : — 

MH3P2O7 
M,H,P.,07 

M,PA. 

Pyrophosphoric  acid  is  distinguished  from  orthophosphoric  acid  by 
giving  with  silver  nitrate  a  white  precipitate. 

Metaphosphoric  Acid,  HjPgOfl.— This  compound  resembles  pyro- 
phosphoric acid  in  its  glassy  aspect  and  general  characters.  It  has 
no  definite  melting  point,  but  generally  liquefies  when  heated  and 
at  a  red  heat  it  boils  and  may  be  distilled,  though  with  partial 
decomposition,  being  slowly  resolved  into  water  and  phosphoric 
oxide  so  that  the  residue  becomes  gradually  richer  in  that  substance. 
The  vapour  density  of  metaphosphoric  acid  corresponds  to  the 
formula  E^Vfi^  (Tiiden  and  Barnett).  This  acid  has  usually  been 
regarded  as  monobasic  with  the  formula  Hr03,  but  the  salts  are 
rather  complicated  and  several  series  are  known  which  may  be 
expressed  by  the  general  formula  (MP03)n.  They  require  further 
investigation. 

Metaphosphoric  acid  is  distinguished  by  giving  a  white  precipitate 
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with  silver  nitrate,  and  by  curdling  albumen  (white  of  egg).  Pyro- 
and  ortho-phosphoric  acids  do  not  coagulate  albumen. 

Hypophosphoric  Acid,  H^PgOg. — This  acid  is  one  of  the  con- 
stituents of  the  acid  liquid  formed  when  phosphorus  partially  covered 
with  water  is  exposed  to  the  air,  and  may  be  separated  as  a  sparingly 
soluble  sodium  salt  by  treating  that  liquid  with  carbonate  or  acetate 
of  sodium.  The  pure  acid  is  best  prepared  by  decomposing  its 
lead  salt  suspended  in  water  with  hydrogen  sulphide.  Its  aqueous 
solution  is  strongly  acid,  and  may  be  boiled  without  decomposition, 
but  when  evaporated  to  a  syrup  it  is  resolved  by  further  heating  into 
phosphorous  and  phosphoric  acids.  It  gives  a  white  precipitate  with 
silver  salts,  and  is  oxidised  by  potassium  jDermanganate  to  phos- 
phoric acid.  It  is  quadribasic,  yielding,  for  example,  the  sodium 
salts  : 

NajP.Oo,  NagHPoOo,  NaoHoPoOc. 


r 

Phosphorus. 

Sulphur. 

124 

-1- 

32 

124 

+ 

96 

124 

+ 

192 

124 

+ 

320 

Phosphorus  with  Sulphur. 

Sulphides. — When  ordinary  phosphorus  and  sulphur  are  heated 
together  in  the  dry  state,  or  melted  together  under  water,  combina- 
tion takes  place,  attended  with  vivid  combustion  and  sometimes 
with  violent  explosion.  When  amorphous  phosphorus  is  used,  the 
reaction  is  not  explosive,  though  still  very  violent. 

The  following  compounds  of  sulphur  and  phosphorus  have  been 
prepared  : — 

Composition  by  weight. 

'piil 

Monosulphide,  P4S,  . 
Sesqiiisulphide,  P4S3,  . 
Phosphorous  sulphide,  V^^, 
Phosplioric  sulphide,  P2S5  or  PjSj^, 

The  third  and  fourth  are  analogous  to  phosphorous  and  phosphoric 
oxides  respectively.  The  compounds  may  all  be  formed  by  heating 
the  two  solids  together  in  the  required  proportions. 

Phosphoric  sulphide,  which  is  the  most  important  member  of  the 
series,  may  also  be  obtained  by  dissolving  phosphorus  and  sulphur 
separately  in  carbon  bisulphide  and  then  heating  the  solution  in  a 
sealed  tube  to  a  temperature  above  200°.  It  forms  yellow  volatile 
crystals. 

All  these  compounds  are  soluble  in  caustic  alkali,  and  they  also 
unite  with  metallic  sulphides,  forming  thio-compounds,  which  may 
be  regarded  as  phosphites  or  phosphates,  in  which  oxygen  is  more  or 
less  replaced  by  sulphur.    For  example  : 

Sodium  monotliiophosphate,    .      .       .  NajPSO, 
Sodium  dithiophosphate,        .       .       .  NaaPSjOj 
Copper  thiometa|)hosj)hate,     ,      .      .  CuP^Sj. 
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Phosphorus  and  Nitrogen. 

Phospham,  PN2H,  probably  PN(NH)  or  P3N3(NH)3,  formed  by 
passing  dry  ammonia  over  PCI5  and  beating  the  product  out  of 
contact  with  the  air  as  long  as  sal-ammoniac  sublimes,  is  a  light  white 
powder  insoluble  in  water  and  infusible  at  a  red  heat.  When 
heated  in  the  air,  it  slowly  oxidises,  giving  off  white  fumes;  and 
when  moistened  and  heated  it  yields  ammonia  and  metaphosphoric 
acid  :  PN2H  +  3H2O  =  2NH3+PO3H.  By  fusion  with  caustic  alkali, 
it  is  decomposed,  with  evolution  of  light  and  heat,  yielding  ammonia 
and  an  orthophosphate  :  PN2H  +  3KOH  +  H20  =  2NH3  +  PO(OK)3. 

Phosphoryl  Triamide,  PO(NH2)3,  the  amide  of  orthopbosphoric 
acid,  is  obtained  by  the  action  of  ammonia  on  phosphorus  oxychloride : 
POCI3  +  6NH3  =  BNH^Cl  +  PO(NH2)3.  On  dissolving  out  the  sal- 
ammoniac  by  water,  the  triamide  remains  as  a  white  amorphous 
powder,  not  acted  upon  by  boiling  with  water  or  aqueous  potash- 
solution,  but  decomposed  by  sulphuric  acid  into  phosphoric  acid  and 
ammonia  :  2PO(NH2)3  +  3H2S04  +  GHgO  =  2PO(OH)3+3(NH4)2S04. 
By  fusion  with  potash  it  yields  ammonia  and  potassium  phosphate. 

Phosphoryl  Imido-amide,  P0(NH)(NH2),  is  obtained,  together 
with  sal-ammoniac,  by  the  action  of  ammonia  on  phosphorus  penta- 
chloride.  It  is  insoluble  in  water,  and  is  slowly  converted  by  boiling 
with  water  into  acid  ammonium  phosphate :  PO(NH)(NH„)-t-3HoO  — 
PO(OH)(ONH4)2. 

Thiophosphoryl  Triamide,  PS(NH2)3,  is  formed,  together  with 
sal-ammoniac,  by  the  action  of  ammonia  on  phosphorus  tliiochloride. 
It  is  a  white  amorphous  mass,  decomposing  when  heated,  and  con- 
verted by  hot  water  into  ammonium  thiophosphate,  PS(ON  114)3. 

Phosphoryl  Nitride,  PON,  obtained  by  heating  phosphamide  or 
phosphoryl  triamide  out  of  contact  with  the  air,  is  a  white  amor- 
phous powder,  which  melts  at  a  red  heat  and  resolidifies  to  a 
vitreous  mass.  It  is  not  attacked  by  nitric  acid,  but  is  converted 
by  fusion  with  potash  into  ammonia  and  potassium  orthophosphate  : 
PON  +  3K0H  =  NHj-f  P0(0K)3. 

Pyxophosphotriamic  Acid,  Po03(OH)(NH2)3. — This  compound, 
derived  from  pyrophosphoric  acid,  P203(OH)4,  by  substitution  of 
3NH2  for  3H0,  is  obtained  by  passing  ammonia  into  phosphorus 
oxychloride  without  cooling,  and  boiling  the  product  with  water, 
2POCI3  +  9NH3  +  2H2O  =  GNII^CI  +  P203(OH)(NH2)3.  It  is  an 
amorphous  tasteless  powder,  decomposed  by  boiling  with  water 
into  ammonia  and  pi/rophosplwdiamic  acid,  P203(OH)2(NH2)2,  which 
is  an  amorphous  mass  soluble  in  water  and  decomposed  by  heat 
mto  ammonia  and  phosphoric  oxide:  P203(OH)2(NH2)2  =  2NH3-f 
P jOj.    By  continued  boiling  with  water  it  is  converted  into  pyro- 
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phosphamic  acid,  Po03(OH)3NH2,  whicli,  when  similarly  treated, 
yields  ammonium  phosphate  and  pyropliosphoric  acid :  P20,(0H),NH, 
+  HOH  =  NH3+P203(OH),. 

Nitrogen  Chloropliospliide,  PjNaClg,  is  formed  by  distilling  the 
product  of  the  action  of  ammonia  on  phosphorus  peutacUoride,  or 
by  distilling  1  part  of  the  pentachloride  with  2  parts  sal-ammoniac. 
It  sublimes  in  thin  transparent  six-sided  plates  melting  at  110°  and 
boiling  at  240°.  It  is  insoluble  in  water,  but  is  slowly  decomposed 
thereby,  with  formation  of  pyro]5hosphodiamic  acid;  2P3N3CIB  + 
ISHgO  =  12HCH- 3P203(OH)2(NH2)2. 


ARSENIC. 

Symbol,  As.    Atomic  weight,  75.    Vapour-density,  150. 

Arsenic  is  sometimes  found  native  ;  but  it  occurs  cbiefly  as  a 
constituent  of  many  minerals,  combined  with  sulphur,  and  with 
metals.  Its  two  sulphides,  AsgSg  and  AS2S3,  have  long  been  known 
as  natural  minerals,  the  former  imder  the  name  realgar,  or  ruby 
stilphur,  the  latter  as  orpiment,  a  corrui^tion  of  the  Latin  axin  pig- 
mentum.  In  the  oxidised  state,  it  has  been  found  in  very  minute 
quantity  in  some  mineral  waters.  The  largest  proportion  is  derived 
from  the  roasting  of  natural  arsenides  of  iron,  nickel,  and  cobalt. 
The  operation  is  conducted  in  a  reverberatory  furnace,  and  the 
volatile  products  are  condensed  in  a  long  and  nearly  horizontal 
chimney,  or  in  a  kind  of  tower  of  brickwork,  divided  into  numerous 
chambers.  The  crude  arsenious  oxide  thus  produced  is  purified  by 
sublimation,  and  is  then  heated  with  charcoal  in  a  retort ;  the 
arsenic  is  reduced,  and  readily  sublimes. 

Arsenic  has  a  steel-grey  colour,  and  metallic  lustre  :  It  is  crys- 
talline and  very  brittle ;  it  tarnishes  in  the  air,  but  may  be  pre- 
served unchanged  in  pure  water.  Its  density,  in  the  solid  stivte,  is 
57  to  5'9.  When  heated,  it  volatilises  without  fusion,  and  if  air 
be  present,  oxidises  to  arsenious  oxide.  Its  vapour-density,  com- 
pared with  that  of  hydrogen,  is  149  8,  which  is  twice  its  atomic 
weight,  so  that  its  molecule  in  the  gaseous  state,  like  that  of  phos- 
phorus, contains  twice  as  many  atoms  as  a  molecule  of  hydrogen, 
and  is  therefore  represented  by  the  formula  As^.  The  vapour  has 
the  odour  of  garlic. 

Arsenic  combines  with  metals  in  the  same  manner  as  sulphur  and 
phosphorus,  which  latter  it  resembles  in  many  respects. 

Arsenic,  like  phosphorus,  unites  with  oxygen  in  two  proportions, 
but  it  is  not  capable  of  uniting  with  more  than  three  atoms  of  any 
one  monad  element.  Thus  it  forms  the  compounds  AsII,,  ASCI3, 
AsBr3,  etc.,  but  no  compound  corresponding  to  the  pentachloride  of 
phosphorus  or  of  antimony.    A  pentafluoride  is,  however,  known  to 
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exist  in  combination  witli  other  fluorides.  But  just  as  ammonia, 
NH3,  can  take  vip  the  elements  of  hydrogen  chloride  to  form  sal- 
ammoniac,  NH^Cn,  so  likewise  can  arsenetted  hydrogen  or  arsine, 
AsHj,  unite  with  the  chlorides,  bromides,  etc.,  of  the  groups, 
methyl,  ethyl,  etc.,  to  form  compounds  such  as  the  following  : 

Arsenmethylium  chlorine,       .      AsH3(CH3)Cl . 
Arsenethylium  bromide,  .       .      AsH3(C2H5)Br . 

The  two  oxides,  viz.,  arsenious  oxide,  As40g,  and  arsenic  oxide, 
AS4O10,  produce  acids  and  salts  corresponding  to  the  phosphorous  and 
phosphoric  compounds  :  the  arsenates,  in  particular,  are  isomori^hous 
with  the  orthophosphates,  and  resemble  them  closely  in  many  respects. 

Hydrides. — Arsine  or  Arsenetted  hydrogen,  ASH3,  analogous  in 
composition  to  ammonia  and  phosphine,  is  obtained  pure  by  the 
action  of  strong  hydrochloric  acid  on  an  alloy  of  equal  parts  of  zinc 
and  arsenic,  and  is  produced  in  greater  or  lesser  pro2:)ortion  whenever 
hydrogen  is  set  free  in  contact  with  arsenious  acid.  Arsenetted 
hydrogen  is  a  colourless  gas,  of  density  2'695  (air  =  1)  or  38*9 
(hydrogen  =1),  slightly  soluble  in  water,  and  having  the  smell  of 
garlic.  It  burns,  when  kindled,  with  a  blue  flame,  generating 
arsenious  acid.  It  is  also  decomj)osed  into  hydrogen  and  arsenic 
by  transmission  through  a  red-hot  tube.  Many  metallic  solutions 
are  precipitated  by  this  substance.  When  inhaled,  it  is  exceedingly 
poisonous  even  in  very  minute  quantity. 

The  solid  hydride,  AS2H4  or  AS4H2,  is  produced  by  passing  an 
electric  current  through  water,  the  negative  pole  being  formed  of 
metallic  arsenic  ;  also  when  potassium  or  sodium  arsenide  is  dis- 
solved in  water.  It  is  a  brown  powder,  which  gives  off  hydrogen 
when  heated  in  a  close  vessel,  and  burns  when  heated  in  the  air. 

Arsenious  Chloride,  AsClj. — This,  the  only  known  chloride  of 
arsenic,  is  produced,  with  emission  of  heat  and  light,  when  powdered 
arsenic  is  thrown  into  chlorine  gas.  It  is  prepared  by  distilling  a 
mixture  of  1  part  of  metallic  arsenic  and  6  parts  of  corrosive  subli- 
mate, and  by  distilling  arsenious  oxide  with  strong  hydrochloric 
acid,  or  with  a  mixture  of  common  salt  and  sulphuric  acid.  It  is  a 
colourless,  volatile  liquid,  which  boils  at  130°,  and  is  decomposed 
by  water  into  arsenious  and  hydrochloric  acids. 

Arsenious  Bromide,  AsEr3,  prepared  by  adding  powdered 
arsenic  to  a  solution  of  bromine  in  carbon  sulphide,  forms  colourless 
transparent  crystals  having  a  strong  arsenical  odour,  a  density  3-66, 
melting  at  20°,  and  boiling  at  220°.  It  is  decomposed  by  water  like 
the  chloride. 

Ai'senious  Diiodide,  Aslj  or  Asgl^,  is  a  dark  red  crystalline 
compound,  formed  by  heating  arsenic  and  iodine  together  in  proper 
proportions, 
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Arsenious  Iodide,  Aslg,  prepared  in  like  manner,  or  by  passing 
gaseous  hydrogen  iodide  into  arsenious  chloride,  crystallises  in  bright 
red  hexagonal  plates  having  a  density  4'39. 

Arsenic  Pentiodide,  Aslg,  is  said  to  be  produced  by  heating  the 

triiodide  with  more  iodine. 

Arsenious  Fluoride,  ASE3,  prepared  by  distilling  a  mixture  of  4 
parts  of  arsenious  oxide  and  5  parts  of  fluorspar  with  10  parts  of 
strong  sulphuric  acid,  is  a  limpid  liquid  boiling  at  63°,  and  having  a 
density  2"73.  It  has  a  strong  pungent  odour,  fumes  in  the  air,  and 
produces  serious  wounds  on  the  skin.  It  attacks  glass,  and  is  decom- 
posed by  water  into  arsenious  and  hydrofluoric  acids.  It  dissolves  in 
aqueous  ammonia,  and  forms  a  crystalline  compound  with  the  gas. 
The  pentafluoride  is  not  known  in  the  free  state,  but  the  compound 
AsF.jKF  is  obtained  in  colourless  crystals  by  dissolving  potassium 
arsenate  in  hydrofluoric  acid. 

Arsenious  Oxide,  As^Og,  also  called  ivhite  arsenic,  is  produced 
in  the  manner  already  mentioned.  The  density  of  the  vapour 
points  to  the  formula  As^Og  for  its  molecule.  It  is  commonly 
met  with  in  the  form  of  a  heavy,  white,  glassy-looking  substance, 
with  smooth  conchoidal  fracture,  as  though  it  had  undergone 
fusion.  When  freshly  prepared  it  is  often  transparent,  but  be- 
comes opaque  by  keeping,  at  the  same  time  slightly  diminishing 
in  density,  and  acquiring  a  greater  degree  of  solubility  in  water. 
Vitreous  white  arsenic  has  the  specific  gravity  3"682,  while  the 
opaque  crystalline  variety  has  the  specific  gravity  3'646.  100  parts 
of  water  at  100°  dissolve  about  11'5  parts  of  the  opaque  variety  ;  the 
larger  portion  separates,  however,  on  cooling,  leaving  about  3  parts 
dissolved  :  the  solution,  which  contains  arsenious  acid,  H3ASO3, 
feebly  reddens  litmus.  Cold  water,  agitated  with  powdered  arsenious 
oxide,  takes  up  a  still  smaller  quantity.  It  is  much  more  soluble  in 
hydrochloric  acid,  and  separates  from  the  solution  in  large  crystals, 
the  deposition  of  which  in  the  dark  is  attended  \vitli  a  bright  and 
continuous  luminosity.  It  also  occurs  naturally  crystallised,  some- 
times in  octahedrons,  sometimes  in  tetrahedrons. 

Alkalis  dissolve  arsenious  oxide  freely,  forming  arsenates  ;  com- 
pounds with  baryta,  strontia,  lime,  magnesia,  and  other  metallic 
oxides,  have  also  been  formed.  The  arsenites  are,  however,  very 
unstable.  Those  which  have  the  composition  M3ASO3,  are  regarded 
as  normal  salts ;  there  are  also  arsenites  containing  M4AS2O5,  and 
MAsOj,  beside  acid  salts.  The  most  important  of  the  arsenites 
are  tripotassium  ar.senite,  K3ASO3,  which  is  used  in  medicine  in 
the  preparation  known  as  Fowler's  solution,  or  liquor  arsenicalis ; 
Scheele's  green,  CuHAsO^,  a  brilliant  iiignient;  Schweinfurth  green, 
a  compound  of  arsenite  and  acetate,  3Cu(AsOA2.Cu(C2H302)2 ;  and 
the  silver  salt,  A^3As03,  a  substance  ofteu  obtained  as  a  yeUow 
precipitate  ift  testing  for  fvrsenic, 
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The  oxide  has  a  slightly  sweetish  and  astringeut  taste,  and  is  a 
most  fearful  poison. 

Arsenic  Oxide  and  Arsenic  Acid.— When  powdered  arsenious 
oxide  is  dissolved  in  hot  hydrochloric  acid,  and  oxidised  by  the 
addition  of  nitric  acid,  the  latter  being  added  as  long  as  red  vapours 
are  produced,  the  whole  then  cautiously  evaporated  to  complete 
dryness,  and  the  residue  heated  to  low  redness,  arsenic  oxide  remains 
in  the  form  of  a  white  deliquescent  mass.  When  strongly  heated, 
it  is  resolved  into  arsenious  oxide  and  free  oxygen.  As  it  is  not 
volatile  without  decomposition,  its  vapour  density  has  never  been 
ascertained.  Consequently  the  formula  for  the  molecule  of  this 
compound  is  uncertain,  but  since  it  has  been  ascertained  that  the 
highest  oxide  of  phosphorus  is  Pfi^Q,  it  may  be  inferred  by  analogy 
that  the  arsenic  oxide  is  As.,Oio. 

In  water  it  dissolves  slowly  but  completely,  giving  a  highly  acid 
solution,  which,  on  being  evaporated  to  a  syrupy  consistence,  de- 
posits, after  a  time,  hydrated  crystals  of  arsenic  acid,  containing 
2H3As04,H20.  These  crystals,  when  heated  to  100°,  give  off  their 
water  of  crystallisation  and  leave  orthoarsenic  acid,  H3ASO4 ;  at 
140°-160°  pyroarsenic  acid,  H^AsgOy,  corresponding  to  pyrophosphoric 
acid,  is  left;  and  at  260°  vietarsenic  acid,  HASO3,  corresponding  to 
metaphosphoric  acid.  The  aqueous  solutions  of  the  three  hydrates 
and  of  tlie  anhydrous  oxide  exhibit  exactly  the  same  characters,  and 
all  contain  trihydric  arsenate,  the  other  hydrates  being  immediately 
converted  into  that  compound  when  dissolved  in  water;  in  this 
respect  the  hydrates  of  arsenic  oxide  differ  essentially  from  those  of 
phosphoric  oxide. 

Arsenic  acid  is  a  tribasic  acid,  forming  salts  isomorphous  with 
the  corresponding  phosphates.  An  arsenate  is  formed  when  a 
mixture  of  arsenious  oxide  with  nitrate  of  potassium  or  sodium  is 
tlirown  into  a  red-hot  crucible.  The  mass  melts  and  effervesces  from 
escape  of  oxides  of  nitrogen,  and  on  cooling  is  easily  soluble  in  water. 
A  sodium  arsouite,  Na2HAs04,12H20,  undistinguishable  in  appear- 
ance from  common  sodium  phosphate,  may  be  prepared  in  this 
manner,  or  by  adding  the  carbonate  to  a  solution  of  arsenic  acid, 
until  an  alkaline  reaction  is  apparent,  and  then  evaporating.  This 
salt  also  crystallises  with  7  molecules  of  water.  Another  arsenate, 
Na3AsO.„I2H20,  is  produced  when  sodium  carbonate  in  excess  is 
fused  with  arsenic  acid,  or  when  the  preceding  salt  is  mixed  with 
caustic  soda.  A  third,  NaH2As0.j,H20,  is  made  by  substituting  an 
excess  of  arsenic  acid  for  the  solution  "of  alkali.  The  alkaline  arsen- 
ates which  contain  basic  hydrogen  lose  the  latter  in  the  form  of 
water  at  a  red  heat,  but,  unlike  the  pliosphates,  recover  it  when 
again  dissolved.  The  arsenates  of  the  alkalis  are  soluble  in  water  ; 
those  of  the  earths  and  other  metallic  oxides  are  insoluble,  but  are 
dissolved  by  acids.  The  reddish-brown  precipitate  of  silver  arsenate, 
AgjAsO^,  with  silver  nitrate  is  highly  characteristic  of  arsenic  acid, 
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Sulphides. — Arsenious  disulpliide,  As^S,,  occurs  native  as  Realgar, 
It  is  formed  artificially  by  heating  arsenic  acid  with  the  proper 
proportion  of  sulphur.  It  is  an  orange-red,  fusible,  and  volatile 
substance,  employed  in  painting,  and  l^y  the  pyrotechnist  in  making 
ivhite  fire. 

Arsenious  trisulphide,  or  arseniov.s  sulphide,  A82S3  (or  As^Sj.?),  also 
occurs  native  as  Orpiment,  and  is  prepared  artificially  by  fusing 
arsenic  with  the  appropriate  quantity  of  sulphur,  or  by  precipitating 
a  solution  of  arsenious  acid  with  hydrogen  sulphide.  It  is  a  golden- 
yellow,  crystalline  substance,  fusible,  and  volatile  by  heat.  A  cold 
solution  of  arsenic  acid  is  not  immediately  precipitated  by  hydrogen 
sulphide,  but  after  some  hours  the  solution,  saturated  with  hydrogen 
sulphide,  yields  a  light  yellow  deposit  of  sulphur,  the  arsenic  acid 
being  reduced  to  arsenious  acid,  which  is  then  gradually  converted 
into  lemon-yellow  arsenious  sulphide.  In  boiling  solutions  the  pre- 
cipitation takes  place  immediately.  The  mixture  of  sulphur  and 
trisulphide  thus  produced  was  formerly  regarded  as  a  pentasulphide 
analogous  to  arsenic  oxide. 

Arsenic  sulphide,  AS2S5  (or  As^Sjq  ?),  is  a  yellow,  fusible  substance 
obtained  as  a  precipitate  by  the  addition  of  an  acid  to  a  solution  of  a 
thioarsenate  : 

2K3A8S3  -I-  6HC1  =  6KC1  -f  2H3ASS3, 

and 

2H3ASS3  =  3H2S  +  AS2S5. 

The  sulphides  of  arsenic  are  thioanhydrides,  which  are  capable  of 
uniting  with  other  metallic  sulphides  to  form  sulphur  salts.  Those 
of  the  disulphide  are  called  hypothioarsenites;  they  are  but 
little  known.  The  salts  of  arsenious  sulphide  are  called  thio- 
arsenites.  Their  composition  may  be  represented  by  that  of 
the  iDotassium  salts,  viz.,  KAsS,,  K^AsjS-,  and  KgAsSj.  Of  these  the 
second  class  are  the  most  common.  The  thioarsenites  of  the  alkali 
metals  and  alkaline  earth-metals  are  soluble  in  water,  and  may  be 
prepared  by  digesting  arsenious  sulphide  in  the  solutions  of  the  cor- 
responding hydrates  or  sulplij^lrates  ;  the  rest  are  insoluble,  and  are 
obtained  by  precipitation.  Thioarsenates,  analogous  in  com- 
position to  the  arsenates,  are  produced,  in  like  manner,  by  digesting 
a  mixture  of  sulphur  and  arsenious  sulphide  in  solutions  of  alkaline 
hydrates  or  sulphydrates  ;  also  by  passing  gaseous  hj'drogeii  sulphide 
through  solutions  of  arsenates.  There  are  three  thioai-senates  of 
potassium,  containing  KAsSj,  K^AsoS-,  and  KjAsSj,  which  corre- 
spond respectively  to  meta-,  pyro-,  and  ortho-arsenates.  The  thio- 
arsenates of  the  alkali-metals  and  alkaline  earth-metals  are  soluble 
in  water  ;  the  rest  are  insoluble,  and  are  obtained  by  precipit^ition. 

Detection  of  Arsenic  in  cases  of  Poimiing, 

Arsenious  acid  is  distinguished  by  characters  Avhich  cannot  be 
nustaken.    Its  high  density  and  slight  solubility  iu  ^yater  cause  it  to 
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collect  in  the  heavier  parts  of  any  deposit  from  a  watery  liquid, 
while  its  volatility  enables  it  to  be  separated  easily  from  the  majority 
of  common  mineral  substances.  The  crystalline  form  of  the  sub- 
limate thus  obtainable  is  also  highly  characteristic,  and  easily  recog- 
nised under  the  microscope. 

Silver  nitrate,  mixed  with  a  solution  of  arsenious  acid  in  water, 
occasions  no  precipitate,  or  merely  a  faint  cloud  ;  but  if  a  little 
alkali  be  added,  a  yellow  precipitate  of  silver  arsenite  immediately 
falls.  This  precipitate  is  exceedingly  soluble  in  excess  of  ammonia, 
which  must  therefore  be  added  with  great  caution  ;  it  is  likewise 
very  soluble  in  nitric  acid. 

Cupric  sulphate  gives  no  precipitate  with  solution  of  arsenious 
acid,  imtil  a  little  alkali  has  been  added,  when  a  brilliant  green  pre- 
cipitate (Scheele's  green)  falls,  which  also  is  very  soluble  in  excess  of 
ammonia. 

Hydrogen  Bidp/hide,  passed  into  a  solution  of  arsenious      ^"S-  85. 
acid,  to  which  a  few  drops  of  hydrochloric  or  sulphuric 
acid  have  been  added,  throws  down  a  copious  bright 
yellow  precipitate  of  orpiment,  which  is  easily  dissolved 
by  ammonia,  and  reprecipitated  by  acids. 

Solid  arsenious  oxide,  heated  in  a  narrow  glass  tube 
with  small  fragments  of  dry  charcoal  (fig.  85,  b),  affords 
a  sublimate  of  metallic  arsenic  in  the  shape  of  a 
Ijrilliant  steel-grey  metallic  ring,  a.  A  portion  of  this 
heated  in  a  second  glass  tube,  Avith  access  of  air,  yields, 
in  its  turn,  a  sublimate  of  colourless,  transparent, 
octahedral  crystals  of  arsenious  oxide. 

All  these  experiments,  which  jointly  give  demon- 
strative proof  of  the  presence  of  the  substance 
in  question,  may  be  performed  with  perfect  precision 
and  certainty  upon  exceedingly  small  quantities  of 
material. 

The  detection  of  arsenious  acid  in  complex  mixtures, 
containing  organic  matter  and  common  salt,  as  beer, 
gruel,  soup,  etc.,  or  the  fluid  contents  of  the  stomach 
in  cases  of  poisoning,  is  more  difticult.  Such  organic 
mixtures  refuse  to  filter,  or  filter  very  slowly.  The 
following  plan  is  usually  successful  in  producing  a 
liquid  from  which  the  organic  matters  can  be  removed 
by  filtration  :  Oil  of  vitriol,  itself  perfectly  free  from 
arsenic,  is  mixed  with  the  suspected  liquid,  in  the  pro- 
portion of  about  a  measured  ounce  to  a  pint,  and  the  whole 
is  boiled  in  a  flask  for  half  an  hour,  or  until  a  complete  separation  of 
solid  and  liquid  matter  becomes  manifest.  The  liquid  is  then 
filtered,  and  tnrough  a  portion  of  the  filtered  solution,  when  cold,  a 
current  of  hydrogen  sulphide  is  passed,  and  the  liquid  is  warmed,  to 
facilitate  the  deposition  of  the  arsenious  sulphide,  which  falls  in 
combination  with  organic  matter,  which  often  communicates  to  it  a 
dirty  colour.    Another  portion  of  the  suspected  liquid  may  be  sub- 
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mitted  to  Marsh's  test.  A  flask,  fitted  as  in  figure  86,  is  cliarged  witti 
pure  granulated  zinc,  and  dilute  sulphuric  acid  added  till  hydrogen 
is  freely  evolved.  A  little  of  the  liquid  is  added,  the  escaping  gas  is 
burned  at  a  jet,  and  a  piece  of  porcelain  held  in  the  flame,  when  any 
admixture  of  arsenetted  hydrogen  is  at  once  known  by  the  produc- 
tion of  a  brilliant  black  metallic  spot  of  reduced  arsenic  on  the 

porcelain  ;  or  the  gas  is  passed 
rig.  86.  through  a  glass  tube  heated  at 

"  one  or  two  places  to  redness, 

whereby  the  arsenetted  hydrogen 
is  decomposed,  a  ring  of  metallic 
arsenic  api^earing  beyond  the 
heated  portion  of  the  tube. 

Antimonetted  hydrogen,  how- 
ever, gives  a  similar  result.  In 
order  to  distinguish  the  two  sub- 
stances, the  deposit  may  be  tested 
by  adding  a  drop  of  solution  of 
chlorinated  lime,  which  dissolves 
the  arsenic  but  not  the  antimony, 
or  the  gas  may  be  passed  into  a 
solution  of  silver  nitrate.  Both  gases  give  rise  to  a  black  pre- 
cipitate, which,  in  the  case  of  antimonetted  hydrogen,  consists  of 
silver  antimonide,  AggSb  : 

SbHs  4-  SAgNOg  =  SbHg  +  3HNO3, 

while,  in  the  case  of  arsenetted  hydrogen,  it  is  pure  silver,  the 
arsenic  being  then  converted  into  arsenious  acid  : 

AsHj  -F  GAgNOs  -f  3H2O  =  6Ag  -1-  H3ASO3  -h  6HNO3. 

Silver  arsenite  remains  dissolved  in  the  nitric  acid  which  is  liber- 
ated by  the  precipitation  of  the  silver,  and  may  be  thrown  do\TO 
with  its  characteristic  yellow  coloitr  by  cautiously  adding  dilute 
ammonia  to  the  liquid  filtered  off  from  the  black  precipitate.  The 
black  silver  antimonide,  when  carefully  washed,  and  subsequently 
boiled  with  a  solution  of  tartaric  acid,  yields  a  solution  containing 
antimony  only,  from  which  hydrogen  sulphide  separates  the  charac- 
teristic orange-yellow  precipitate  of  antimonious  sulphide. 

A  slip  of  copper-foil  boiled  in  the  poisoned  liquid,  previously 
acidulated  \\\\h  hydrochloric  acid,  -withdraws  the  arsenic,  and  be- 
comes covered  with  a  white  alloy.  By  heating  the  metal  in  a  glass 
tube  the  arsenic  is  expelled,  and  oxidised  to  arsenious  acid.  This  is 
called  Reinsch's  test. 
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Symbol,  C.    Atomic  weight,  12. 


Tliis  element  occurs  in  a  state  of  purity,  and  crystallised,  in  two 
distinct  and  very  dissimilar  forms — namely,  as  diamond,  and  as 
graphite  or  plumbago.  It  constitutes  a  large  proportion  of  all 
organic  structures,  animal  and  vegetable  :  when  these  latter  are 
exposed  to  destructive  distillation  in  close  vessels,  a  great  part  of 
their  carbon  remains,  obstinately  retaining  some  of  the  hydrogen 
and  oxygen,  and  associated  with  the  earthy  and  alkaline  matter  of 
the  tissue,  giving  I'ise  to  the  many  varieties  of  charcoal,  coke,  etc. 
This  residue,  when  perfectly  separated  from  foreign  matter,  consti- 
tutes a  third  variety  of  carbon. 

The  most  abundant  store  of  carbon  is  found  in  tlie  carbonates 
of  calcium  and  magnesium,  which  exist  in  such  large  quantities  in 
the  earth's  crust,  and  in  the  several  varieties  of  limestone  constitute 
the  material  of  which  entire  mountain  ranges  are  com23osed.  Carbon 
dioxide  also  exists  as  a  comjDonent  of  the  atmosj^here. 

1.  The  diamond  is  one  of  the  most  remarkable  substances  known  : 
long  prized  on  account  of  its  brilliancy  as  an  ornamental  gem,  the 
discovery  of  its  curious  chemical  nature  confers  upon  it  a  high 
degree  of  scientific  interest.  Several  localities  in  India,  the  Island 
of  Borneo,  South  Africa,  and  Brazil,  furnish  this  beautiful  sub- 
stance. It  is  always  distinctly  crystallised,  often  quite  transparent 
and  colourless,  but  now  and  then  having  a  shade  of  yellow,  pink,  or 
blue.  The  origin  and  true  geological  position  of  the  diamond  are 
unknown  ;  it  is  always  found  imbedded  in  gravel  and  transported 
materials  whose  history  cannot  be  traced.  The  crystalline  form  of 
the  diamond  is  that  of  the  regular  octahedron  or  cube,  or  some 
figure  geometrically  connected  with  these.  Many  of  the  octahedral 
crystals  exhibit  a  very  peculiar  aj^pearance,  arising  from  the  faces 
being  curved  or  rounded,  which  gives  to  the  crystal  an  almost 
spherical  figure.    {See  also  Crystalline  Forms  ;  Cubic  System.) 


The  specific  gravity  of  diamond  varies  from  about  3-3  to  3-5.  It 
does  not  conduct  electricity. 

Carbon  is  known  to  dissolve  in  molten  iron,  from  which  it  partly 
separates  on  cooling  in  the  form  of  graphite.  It  has  lately  been 
discovered  by  Moissan  that,  if  the  temperature  of  the  iron  is  raised 


Fig.  87. 


GRAPttlTii  AUb  CHARCOAL. 


to  a  very  high  degree  by  heating  in  an  electric  furnace,  and  the 
metal  is  then  cooled  rapidly  by  plunging  it  into  melted  lead,  the 
carbon  which  separates  from  the  interior  portions  takes  the  form  of 
diamond  of  various  degrees  of  purity.  This  difference  appears  to  be 
the  effect  of  the  enormous  pressure  exercised  by  the  external  crust 
which  first  solidifies  upon  the  still  fluid  portions  of  metal  within 
during  the  process  of  crystallisation. 

The  diamond  is  the  hardest  substance  known  :  it  admits  of  being 
split  or  cloven  without  difficulty  in  particular  directions,  but  can 
only  be  cut  or  abraded  by  a  second  portion  of  the  same  material ; 
the  powder  rubbed  off  in  this  process  serves  for  polishing  the  new 
faces,  and  is  also  highly  useful  to  the  lapidary  and  seal-engraver. 
One  curious  and  useful  application  of  the  diamond  is  made  by 
the  glazier ;  a  fragment  of  this  mineral,  like  a  bit  of  flint,  or  any 
other  hard  substance,  scratches  the  surface  of  glass ;  a  crystal  of 
diamond,  having  the  rounded  octahedral  figure  spoken  of,  held  in 
one  particular  position  on  the  glass — namely,  with  an  edge  formed 
by  the  meeting  of  two  adjacent  faces — presented  to  the  surface  and 
then  drawn  along  with  gentle  pressure,  causes  a  sijlit  or  cut,  which 
penetrates  to  a  considerable  depth  into  the  glass,  and  determines  its 
fracture  with  perfect  certainty.  Though  hard,  the  diamond  is  some- 
what brittle,  and  is  easily  broken  by  a  blow,  the  fragments  exhibit- 
ing conchoidal  fracture. 

The  diamond  is  infusible  and  unalterable  even  by  a  very  intense 
heat,  provided  air  be  excluded ;  but  when  heated,  thus  protected, 
in  the  electric  arc,  it  is  converted  into  coke  or  graphite  ;  heated 
strongly  in  oxygen,  it  burns  without  flame,  yielding  carbon  dioxide 
gas. 

2.  Graphite  appears  to  consist  essentially  of  pure  carbon,  although 
most  specimens  contain  iron,  the  quantity  of  which  varies  from  a 
mere  trace  up  to  5  per  cent.  Graphite  is  a  somewhat  rare  mineral  ; 
the  finest  and  most  valuable  for  the  manufacture  of  so-called  "  black 
lead"  25encils  was  formerly  obtained  from  Borrowdale,  in  Cumber- 
land, where  a  kind  of  irregular  vein  is  found  traversing  the  ancient 
slate  beds  of  that  district,  but  the  mine  is  now  nearly  exhausted. 
Large  quantities  of  graphite  are  imported  from  Germany,  the  East 
Indies,  and  the  United  States.*  Crystals  are  not  common  ;  when 
they  occur,  they  have  the  figure  of  a  short  six-sided  prism — a  form 
bearing  no  geometric  relation  to  that  of  the  diamond. 

*  The  graphite  which  caia  be  directly  cut  for  pencils  occurring  only  iu  limited 
quantity,  powdered  graphite,  obtnined  from  the  inferior  varieties  of  the 
mineral,  is  usually  consolidated  by  pressure  for  this  purpose.    A  chemical 

Eroci'ss  for  the  mechanical  division  of  graphite  was  suggested  by  the  late  Sir 
eiijamin  Brodie,  which  consists  in  introducing  the  coarselj-  powdered  graphite, 
previously  mixed  with  -^^  of  its  weight  of  potassium  chlorate,  into  2  parts  of 
concentrated  sulphuric  acid,  which  is  heated  in  a  water-bath  until  the  evolu- 
tion of  acid  fumes  ceases.  The  acid  is  then  removed  by  water,  and  the 
graphite  dried.  Thus  prepared,  this  substance,  when  heated  to  a  temperature 
approaching  a  red  liciit,  swells  up  to  a  bulky  mass  of  finely  divided  graphite. 
This  process  is  too  expensive  for  general  use. 
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Graphite  is  often  formed  artificially  in  certain  metallurgic  opera- 
tions ;  tlie  brilliant  scales  which  separate  from  some  varieties  of 
melted  cast-iron  on  cooling,  called  by  the  workmen  "  kish,"  consist 
of  graphite. 

3.  Amorphous  Carbon. — Lamp-black,  the  soot  produced  by  the 
imperfect  combustion  of  oil  or  resin,  is  the  best  example  that  can  be 
given  of  carbon  in  its 
uncrystallised  state. 
To  the  same  class  be- 
long the  different  kinds 
of  charcoal.  That  pre- 
pared from  wood,  either 
by  distillation  in  an 
iron  retort,  or  by  the 
smothered  combustion 
of  a  pile  of  faggots 
partially  covered  with 
earth,  as  shown  in  the 
accompanyingfignre88, 
is  the  most  valuable  as  fuel.  Coke,  the  charcoal  of  pit-coal,  contains 
a  large  quantity  of  earthy  matter,  and  some  sulphur,  the  quality 
depending  very  much  upon  the  mode  of  preparation. 

Coke  is  sometimes  made  by  partial  combustion  of  coal  in  heaps  or 
piles  similar  in  form  to  the  charcoal  pile,  but  the  best  qualities  of 
hard  coke  are  obtained  by  carrying  on  the  same  operation  in  ovens, 
of  which  one  form  is  represented  in  section  in  the  accompanying 
figure  89.  C  is  the  charging  door  through  which  the  coal  is  intro- 
duced from  the  waggon-  way  above.    D  is  the  door  by  which  the  coke 

Fig.  89. 


is  raked  out ;  and  P  is  a  section  of  the  pipe  by  which,  in  this  form 
of  apparatus,  the  ga,ses  and  vapours  are  drawn  away  from  tlie  heatetl 
coal.    The  combustion  proceeds  from  above  downwards. 

Charcoal  from  bones  and  animal  matters  in  general  is  a  very  valu- 
able substance,  on  account  of  the  extraordinary  power  it  possesses 
of  removing  colouring  matters  from  organic  solutions  ;  it  is  u.«od  lor 
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this  purpose  by  tlie  sugar-refiner  to  a  very  great  extent,  and  also  by 
tbe  manufacturing  and  scientific  chemist.  Tlie  property  in  question 
is  possessed  also  in  a  small  degree  by  all  kinds  ot  charcoal. 

Charcoal  made  from  box,  or  other  dense  wood,  has  especially  the  pro- 
perty of  condensing  gases  and  vapours  into  its  pores  ;  of  ammoniacal 
gas  it  is  said  to  absorb  not  less  than  ninety  times  its  volume,  while 
of  hydrogen  it  takes  up  less  than  twice  its  o^vn  bulk,  the  quantity 
being  apparently  connected  with  the  capacity  of  the  gas  for  lique- 
faction. This  property  of  absorbing  gases,  as  well  as  the  decolorising 
power,  no  doubt  depends  in  some  way  upon  the  same  peculiar  action 
of  surface  so  remarkable  in  the  case  of  platinum  in  a  mixture  of 
oxygen  and  hydrogen.  The  absorbing  power  is,  indeed,  considerably 
increased  by  saturating  charcoal  with  solution  of  platinum,  and 
subsequently  igniting  it,  so  as  to  coat  the  charcoal  with  a  thin  film 
of  platinum.  Stenhouse,  who  suggested  this  plan,  found  that  the 
gases  thus  absorbed  undergo  a  kind  of  oxidation  within  the  pores  of 
the  charcoal. 


Carbon  and  Hydrogen. 

The  compounds  of  these  elements  are  exceedingly  numerous,  and 
their  complete  study,  together  with  that  of  their  compounds  and 
substitution-derivatives,  constitutes  a  special  branch  of  chemical 
science,  usually  called  "  Organic  Chemistry,"  because  the  majority  of 
them  were  originally  obtained  only  by  the  decomposition  of  more 
comiDlex  bodies  of  organic  origin.  Many  of  them  are,  however,  now 
obtainable  by  processes  of  purely  chemical  character  without  the  use 
of  materials  derived  from  animal  or  vegetable  sources.  The  following 
are  a  few  of  the  more  important  comiaounds  of  carbon  and  hydrogen. 

Acetylene,  or  Ethine,  CjHg. — This  is  a  colourless  gas  producible 
in  small  quantity  by  direct  union  of  carbon  with  hydrogen  by 
passing  a  stream  of  hydrogen  gas  through  a  globe  in  which  the 
electric  arc  is  maintnined  between  carbon  poles.  The  same  compound 
is  formed  when  coal  gas,  marsh  gas,  ether  vapour,  or  other  carbon 
compound  is  burned  with  an  insufficient  amount  of  air.  It  may 
be  recognised  by  its  disngreeable  odour  when  a  Bunsen  burner 
becomes  ignited  inside  the  tube.  The  acetylene  in  either  case  may  be 
separated  from  the  other  gases  present  by  taking  advantage  of  the 
property  it  possesses  of  forming  a  peculiar  compound  containing 
copiDer  when  brought  into  contiict  with  an  ammoniacal  solution  of 
cuprous  chloride.  A  red  precipitate  is  then  formed  from  which  pure 
acetylene  may  be  obtained  by  filtering  it  off  and  mixing  it  with 
strong  hydrocldoric  acid.  There  is  some  doubt  as  to  the  composi- 
tion of  this  compound  which  may  be  represented  either  as  containing 
the  carbon  of  acetylene  with  copper  in  place  of  hydrogen,  or  as 
containing  acetylene  united  to  cuprous  oxide.    The  action  of 
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hydrogen  chloride  may  then  be  expressed  by  one  of  the  folloAving 
equations  : 

aCu2  +  2HC1  =  C2H2  +  CU2CI2 

or 

C2H2CU2O  +  2HC1  =  C2H2  +  CU2CI,,  +  H2O. 

Acetylene  may  be  made  more  readily  and  abundantly  by  the  action 
of  water  upon  calcium  carbide,  a  compound  now  manufactured  in 
quantity  by  heating  in  an  electric  furnace  a  mixtuie  of  lime  and 
carbon  : 

Ca^Cj  +  2H2O  =  2Ca(H0)o  +  C2H2. 

Acetylene  burns  at  the  end  of  a  tube  with  a  smoky  flame,  but  when 
diluted  with  hydrogen  or  some  other  combustible  gas,  or  when  burned 
in  a  pure  state  at  a  suitable  burner  it  gives  a  flame  possessing  great 
luminosity.  On  this  account  it  is  proposed  to  manufacture  it  on  a 
large  scale  for  the  purpose  of  adding  to  the  illuminating  power  of 
common  coal  gas. 

Methane  or  Marsh.  Gas,  CH^,  is  produced  in  the  decomposition 
of  vegetable  matter  under  water,  and  is  given  off  when  the  mud  at 
the  bottom  of  stagnant  pools  is  stirred  :  it  also  constitutes  the  "  fire- 
damp "  of  coal-mines,  and  is  an  imi^ortant  constituent  of  coal  gas. 
It  is  not  formed  by  direct  combination  of  carbon  and  hydrogen,  but 
may  be  prepared  by  strongly  heating  a  mixture  of  sodium  acetate 
(NaC'oHsOj)  and  sodium  hydroxide  (caustic  soda)  with  quicklime  : 

NaOsHaOa  +  NaOH  -  CH,  +  Na2C03. 

It  is  a  colourless  gas  which  burns  with  a  pale  scarcely  luminous 
flame.  It  requires  twice  its  volume  of  oxygen  for  combustion,  and 
when  mixed  with  this  gas,  and  exploded  in  a  eudiometer,  it  yields 
a  quantity  of  carbon  dioxide  equal  to  its  own  volume  : 

CH4  +  2O2  -  CO2  +  2H2O. 

Pure  methane  is  unafl'ected  by  contact  with  strong  sulphuric  acid, 
and  is  not  attacked  by  chlorine  or  bromine,  unless  the  mixture  is 
exposed  to  light.  In  that  case  no  combination  occurs  between  the 
marsh  gas  and  the  halogen,  but  the  hydrogen  of  the  former  is 
gradually  replaced,  atom  by  atom,  by  equivalent  quantities  of  the 
latter,  with  simultaneous  formation  of  hydrogen  chloride  or  bromide. 
The  following  series  of  compounds  are  formed  by  chlorine  : 

Cliloromethane,  CH.^Cl 
Dichloromethane,  CHjClg 
Trichloromethane  (Chloroform),  CHCI3 
Tetrachlorometlianc,  CCI4 . 

Exjiervments.—l.  Place  about  50  grams  of  crystallised  sodium 
acetate  in  an  evaporating  dish,  and  npply  the  heat  of  a  Bunseu 
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burner,  stirring  the  salt  continually  till  all  the  water  of  crystallisa- 
tion, has  been  evaporated.  Powder  the  residual  salt  when  cold,  and 
mix  it  thoroughly  with  an  equal  weight  of  quicklime  and  half  its 
weight  of  solid  caustic  soda.  Place  the  powder  in  the  iron  tube  used 
in  preparing  hydrogen  (p.  22),  close  one  end  of  this  with  a  cork  and 
adapt  to  the  other  end  a  glass  tube  to  convey  away  the  gas.  See 
that  this  exit-tube  is  not  obstructed  by  the  powder,  and  that  there  is 
a  clear  passage  over  the  mixture.  This  is  secured  by  thrusting  a 
wire  or  glass  rod  through  the  tube  before  fixing  the  corks.  Place 
the  iron  tube  upon  the  small  furnace  shown  in  the  figure,  and  apply 
a  gentle  heat.  The  gas  must  be  purified  by  bubbling  through  oil  of 
vitriol  contained  in  a  small  two-necked  bottle  attached  to  the  gener- 
ator.   It  may  then  be  collected  in  the  pneumatic  trough. 

2.  Lilt  a  jar  full  of  the  gas  from  the  trough,  keeping  the  mouth 
downwards ;  it  may  be  retained  under  these  conditions  for  some 
minutes,  as  it  is  much  lighter  than  air.  Density,  8(H=1)  or  "So 
(air  =  l). 

3.  A]3ply  a  flame  to  the  mouth  of  the  jar ;  the  gas  burns  giving 
about  the  same  amount  of  light  as  spirit  of  wine. 

4.  Mix  over  water  marsh-gas  with  an  equal  volume  of  chlorine. 
No  immediate  change  occurs  in  ordinary  daylight,  and  on  shaking 
up  the  mixture  with  water,  or  better,  with  solution  of  soda,  the 
chlorine  is  dissolved,  leaving  the  marsh-gas  unchanged. 

Ethylene  or  defiant  Gas,  C2H4. — This  gas  is  present  in  small 
quantity  in  coal-gas,  and  is  formed  during  the  destructive  distilla- 
tion of  many  organic  substances.  It  is  usually  obtained  by  heating 
common  alcohol  with  an  excess  of  strong  sulphuric  acid,  whereby  the 
alcohol  is  deprived  of  the  elements  of  water  : 


This  change  is,  however,  brought  about  by  two  stages,  which  may 
be  represented  by  the  following  equations  : 


Ethylene  is  a  colourless  gas  which  burns  in  the  air  with  a  highly 
luminous  flame.  Mixed  with  excess  of  oxygen,  and  fired,  it  con- 
sumes three  times  its  volume  of  that  gas,  and  yields  twice  its  o^vn 
volume  of  carbon  dioxide,  thus  : 


Alcohol. 


Alcohol.  Ethyl-hydrogen 
sulphate. 


C2H0O  +  H2SO4  =  C2H5HSO4  +  H2O. 


fioMoLOGous  Series. 
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combination  with  chlorine  and  with  bromine,  forming  the  com- 
pounds C2H4GI2  and  CgH^Brj.  The  former  has  long  been  known  as 
'  Dutch  liquid/'and  fro"m  its  immiscibility  with  water,  it  was  Formerly 
regarded  as  a  kind  of  oil.  Hence  the  name  'olefiant'  lor  the  gas. 
Ethylene  cau  be  liquefied  at  0°  by  a  pressure  of  41  atmospheres. 
Liquid  ethylene  boils  under  common  atmosjpheric  pressure  at  — 103°, 
and  by  its  evajporation  under  reduced  pressure  a  temperature  of 
— 140°  has  been  obtained.  It  has  been  much  used  in  experiments 
upon  the  liquelaction  of  other  gases,  especially  oxygen,  nitrogen, 
and  air. 

Experiments  with  Ethylene. — 1.  Into  a  flask  provided  with  funnel- 
tube  and  exit-tube  for  gas  (an  apparatus  similar  to  that  employed  in 
making  chlorine,  p.  56),  pour  25  cubic  centimetres  of  strong  spirit  of 
wine  and  add  slowly  50  cc.  of  strong  sulphuric  acid,  shaking  them 
together.  The  mixture  becomes  very  hot,  and  may  boil  if  the  acid 
is  added  too  quickly.  Set  up  the  flask  over  a  lamp  and  connect  the 
exit  with  a  tube  for  conveying  the  gas  into  the  pneumatic  trough. 
Apply  heat  to  the  flask,  and  when  the  mixture  boils  freely,  collect 
several  jars  of  the  gas.  The  mixture  in  the  flask  soon  blackens,  and 
the  gas  is  accompanied  by  a  little  sulphurous  oxide. 

2.  Ethylene  is  nearly  as  heavy  as  air.  Density,  14  (H  =  l)  or  "97 
(air=l).  Light  the  gas  at  the  mouth  of  one  of  the  jars:  it  burns 
with  a  flame  about  equal  in  luminosity  to  coal-gas. 

3.  Introduce  into  a  tall  cylinder  filled  with  water,  standing  in- 
verted in  the  trough,  one-third  of  its  volume  of  ethylene,  and  then 
an  equal  quantity  of  chlorine.  The  two  gases  immediately  unite, 
forming  drops  of  a  heavy  oil,  '  Dutch  liquid,'  which  may  be  collected 
in  a  dish  placed  beneath.  The  water  therefore  quickly  rises  in  the 
jar  and  the  gases  disappear. 

Homologous  Series. 

The  compounds  of  carbon  with  hydrogen  alone,  or  associated  with 
other  elements,  are  very  numerous,  but  their  study  is  much  facili- 
tated by  the  fact  that  they  admit  of  being  classified  into  series,  the 
several  members  of  which  present  the  same  general  features.  Thus 
acetylene,  marsh  gas,  and  ethylene,  the  compounds  just  described, 
are  merely  the  first  terms  of  three  separate  series  of  '  hydrocarbons,' 
each  characterised  by  peculiarities  of  its  own.  The  series  to  which 
marsh  gas,  for  example,  belongs  is  composed  of  substances  all  of 
which,  like  marsh  gas,  are  distinguished  by  a  remarkable  indifi'erence 
to  chemical  agents,  being  for  the  most  part  nnafl'ected  by  sulphuric 
acid,  and  attacked  with  difficulty  by  chlorine,  by  bromine,  and  by 
nitric  acid.  Hence  this  series  of  compounds  has  received  the  name 
'  paraffin,'  a  name  originally  applied  only  to  one  member  of  the  series, 
a  solid  substance,  in  reference  to  its  chemical  inactivity  {pamn 
affinis). 

In  such  a  series  of  closely  related  compounds  of  carbon  and  hydro- 
gen, it  is  observed  (1)  that  there  is  a  definite  relation  as  regards 
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composition  among  the  members  of  such  a  series,  so  that  the 
•whole  may  be  expressed  by  a  general  formula,  and  that  there  is  a 
common  difference,  always  amounting  to  CHg,  in  passing  from  one 
term  to  the  next.  The  general  formula  of  the  paraffin  series  is 
C„H2„+2,  that  of  the  olefine  series  is  C„H2„.  (2)  There  is  a  mani- 
fest but  gradual  change  of  physical  properties  in  ascending  such 
a  series,  the  lower  terms  being  often  gaseous,  always  more  volatile 
than  the  higher  terms,  and  with  rise  of  boiling  point  there  is  notice- 
able increase  of  density,  and  ultimate  solidification,  with  gradually 
decreasing  fusibility.  With  these  changes  of  physical  properties  there 
is  generally  a  modification  of  chemical  characters,  the  more  complex 
molecules  being  more  sluggish  than  the  lighter  and  more  quickly 
moving  molecules,  while  at  the  same  time  presenting  a  greater 
number  of  points  of  attack.  The  character  of  a  homologous  series  is 
well  illustrated  by  the  paraffins  which  are  given  below  : 

Paraffins,  C„H2„+2. 


Name.  Formula.  Boiling  Point. 

Methane,  .  .  .  CH4  Gas 

Ethane,  .  .  .  CjEfo  Gas 

Propane,  .  .  .  C3H8  Gas 

Tetrane,  .  .  .  C4H10  1° 

Pentane,  .  .  .  C5H12  36° 

Hexane,  .  .  .  CgHj,  68"5° 

Heptane,  .  .  .  C^R^q  98° 

Octane,  .  .  .  CgHig  125-5° 

Nonane,  .  .  .  CgHgo  149-5° 

Decane,  .  .  .  C10H22  •  173° 

Undecane,  .  .  .  CnHji  194-5° 

Dodecane,  .  .  .  C^gHg^  214"5° 

Tredecane,  .  .  .  Ci3H2g  234° 


Hexdecane, .       .       .       C^^^^^     Solid,  m.p.  19-5°,  b.p.  287-5° 
etc. 

CoalrG-as. — The  raanulticture  of  coal-gas  is  a  bi-arch  of  industry 
of  great  interest  and  importance. 

When  pit-coal  is  sulijected  to  desti'uctive  distillation,  a  variety  of 
products  show  themselves — permanent  gase.*,  steam,  and  volatile  oils, 
besides  a  not  inconsiderable  quantity  of  ammonia  from  the  nitrogen 
always  present  in  the  coal.  The  residue  is  coke.  The.^e  substances 
vary  very  nmcli  in  their  proportions  with  flic  temperature  at  which 
the  process  is  conducted,  the  permanent  gases  becoming  more  abun- 
dant with  increased  heat,  but,  at  the  same  time,  losing  much  of 
their  value  for  the  purposes  of  illumination. 

The  coal  is  distilled  in  fire-clay  retorts  (fig.  90),  maintained  at  a 
bright  red  heat,  and  the  volatilised  product  is  conducted  into  a  long 
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horizontal  pipe  of  large  dimensions,  always  half  filled  with  liquid, 
into  which  the  extremity  of  each  separate  ascension  tube  dips  ;  this 
is  called  the  hydraalic  main.  The  gas  and  its  accompanying  vapours 
are  next  made  to  traverse  condejisers—wsxmWj  a  series  of  iron  pipes, 
or  boxes  exposing  a  large  surface  to  the  air  ;  here  the  condensation 
of  the  tar  and  the  ammoniacal  liquid  becomes  nearly  complete,  and 


the  gas  is  drawn  forwards  by  means  of  an  exhausting  pump,  and 
proceeds  onwards  to  another  part  of  the  apparatus,  in  which  it  is 
deprived  of  the  sulphuretted  hydrogen  and  carbon  dioxide  always 
present  in  tlie  crude  product.  Tliis  is  effected  partly  in  scrubbers, 
partly  in  fv.rijiers.  The  former  (fig.  91)  are  either  tower-like 
structures,  from  70  to  80  feet  high  and  from  10  to  20  feet  diameter, 
filled  with  coke  over  which  a  stream  of  water  trickles,  or  they  consist 
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'  of  a  series  of  closed  chambers  supplied  with  water  in  which  a  shaft 
carrying  a  number  of  thin  iron  disks  revolve,  thus  exposing  a  larf,'e 
area  of  freshly  wetted  surface  to  the  gas  as  it  passes  through  the 
chambers.    This  washing  with  water  removes  the  last  portions  of 

ammonia,  and  at  the  same  time  some 
of  the  sulphuretted  hydrogen  and 
carbon  dioxide.  The  final  removal  of 
these  latter  compounds  was  formerly 
effected  by  slaked  lime,  which  readily 
absorbs  them.  It  is,  however,  now 
customary  to  remove  the  sulphuretted 
hydrogen  by  means  of  hydrated  peroxide 
of  iron  before  bringing  the  gas  into  con- 
tact with  lime  for  the  removal  of  the 
carbon  dioxide.  These  materials  are 
placed  in  the  purifiers,  which  consist 
of  rectangular  cast-iron  boxes  about 
six  feet  deep,  furnished  with  a  move- 
able lid  (fig.  90).  The  first  series  of 
purifiers  is  charged  with  hydrated 
peroxide  of  iron  placed  on  wooden 
perforated  trays.  After  a  time  the 
oxide,  being  reduced  to  ferrous  oxide, 
ceases  to  be  eft'ective,  but  on  being 
turned  out  and  exposed  to  the  air 
absorbs  oxygen  and  regains  the  poM'er 
of  destroying  sulphuretted  hydrogen.  The  principal  changes  which 
occur  are  represented  in  the  two  following  equations  : — 

S 

0^ 


FeaOg 


H.,S  =  Ye^O.,  +  H.,0  + 
=  FeA. 


4- 

Te^O^  + 

In  this  way  the  same  oxide  is  used  over  and  over  again  about  six- 
teen times,  till  the  amount  of  deposited  sulphur  is  considerable.  The 
last  of  the  series  of  purifiers  is  charged  in  the  same  way  with  slaked 
lime  which  becomes  converted  into  carbonate.  The  purified  gas  is 
then  measured  by  a  meter  of  suitable  dimensions,  and  is  stored  in  the 
gas-holdera  for  iise. 

In  order  to  regulate  the  jiressure  of  the  gas  in  the  main  pipes,  l)y 
which  it  is  distiibuted  according  to  the  demand,  a  iiovcrnor  is  used. 
This  is  a  miniature  gas-holder,  wliich  actuates  a  conical  vahe  by 
means  of  which  the  flow  of  gas  is  promoted  or  checked  automatically. 

Coal-gas  varies  somewhat  in  composition  and  illuminating  power. 
The  purified  gas  contains  the  following  substances,  which  may  be 
classified  into  three  principal  groups  : — 

1.  Combustible  Non-illuminating  Gases. 

Hydrogen,  H.^,  about  40  to  50  per  cent. 
Marsh-gas,  CH4,  about  40  per  cent. 
Carbonic  oxide,  CO,  about  5  per  cent. 
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2.  Illuminating  Constituents. 

Ethylene,  C0H4,  etc.,  ] 

Acetylene,  CjH.j,        >  about  5  per  cent. 

Benzene,  CuHy,  etc.,  ) 

3.  Impurities. 

Nitrogen  chiefly  derived  by  leakage  from  the  air.    Traces  of 
oxygen,  carbon  dioxide,  vapour  of  carbon  bisulphide,  etc. 

From  this  it  A\  ill  be  seen  that  coal-gas  consists  chiefly  of  a  mix- 
ture of  hydrogen  and  marsh-gas,  and  tliat  its  illuminating  power  is 
due  to  the  presence  of  small  quantities  of  vapours  rich  in  carbon. 
Of  these  benzene  is  the  most  important. 

Oil-Gas  and  Water-Gas. — A  valuable  illuminating  gas  may  be 
prepared  from  oil,  by  dropping  it  into  a  red-hot  iron  retort  filled  with 
coke  ;  the  liquid  is  in  great  part  decomposed  and  converted  into  per- 
manent gas,  which  requires  no  purification,  as  it  is  quite  free  from 
the  auinioniacal  aud  sulphur  compounds  which  vitiate  gas  from  coal. 
This  gas  was  at  one  time  prepared  in  London  for  general  illuminatiug 
purposes  ;  it  was  compressed  for  the  use  of  the  consumer  into  strong 
iron  vessels,  to  the  extent  of  30  atmospheres  ;  but  the  manufacture 
has  been  for  ordinary  purposes  superseded  in  this  country  by  gas 
from  coal.  Oil-gas  is,  however,  still  made  on  a  considerable  scale  in 
apparatus  of  improved  form,  but  it  is  now  applied  chiefly  for  the 
purpose  of  improving  the  illuminating  power  of  coal-gas  to  which  it 
is  added.  It  is  also  used  for  special  piu'poses,  such  as  the  lighting 
of  railway  carriages. 

In  the  United  States  much  gas  is  made  by  the  action  of  steam 
upon  red-hot  coke.  This  consists  of  a  mixture  of  carbonic  oxide 
and  hydrogen  : 

H2O  -f  C  =  H2  +  CO. 

It  is  rendered  suitable  for  purposes  of  illumination  by  mixing  it 
with  vapour  of  mineral  naphtha.  A  serious  objection  to  the  use  of 
this  gas  in  houses  arises  from  the  poisonous  character  of  carbonic 
oxide  and  the  consuijuent  danger  from  escape. 

Producer  Gas. — When  coal  is  heated  in  a  closed  chamber  into 
which  air  is  admitted  in  quantity  just  sufficient  to  maintain  the  com- 
bustion, its  carbonaceous  constituents  are  entirely  converted  into  gas, 
the  residue  consisting  only  of  incombustible  mineral  ash. 

A  gas  of  this  kind  contains  about  one -third  of  its  volume  of 
carbonic  oxide,  mixed  with  nitrogen  derived  from  the  air  and  a  little 
carl)on  dioxide,  etc.  The  chambers  in  which  this  operation  is 
conducted  are  called  "  Gas  I'roductrs,"  and  arc  arranged  so  that  the 
coal  and  air  may  be  supplied  without  interruption  of  the  process. 
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The  gas  is  extensively  used  for  industrial  purposes,  for  heating 
boilers,  melting  iron  and  steel,  and  in  many  other  manufacturing 
operations. 

One  form  of  gas  producer  which  is  much  used  is  represented  in 
section  in  the  accompanying  figure.    The  coal  is  introduced  through 

the  hopper  at  the  top  into 
a  cylindrical  chamber  con- 
structed of  firebrick,  through 
the  bottom  of  which  is 
blown  a  sufficient  supply 
of  air  by  means  of  a  steam- 
jet,  which  is  discharged 
into  the  open  mouth  of 
the  trumpet-shaped  injector 
at  the  side.  The  gases, 
which,  when  steam  is  used, 
contain  a  considerable  pro- 
portion of  hydrogen,  pass 
through  the  aj^ertures  shown 
in  the  upper  part  of  the 
producer  into  an  annular 
chamber,  of  which  two 
sections  are  shoTVU,  which 
encircles  the  upper  part  of 
the  structure.  From  this 
chamber  the  gases  pass  by 
means  of  a  wide  pipe  at  the 
side  to  the  furnace  where  they  are  to  be  burnt. 

Compounds  of  Carbon  with  the  Halogen  Elements. — Several 
compounds  of  carbon  and  chlorine  are  kno'mi,  viz.,  C2C1^,  CoClg, 
CClj,  and  CgClg,  and  similar  compounds  with  bromine  and  iodine. 

Carbon  Tetrachloride,  CC14. — This  is  the  most  important  of  the 
compounds  of  carbon  with  a  halogen.  It  is  produced,  as  already 
mentioned,  when  marsh-gas  mixed  with  excess  of  chlorine  is  exposed 
to  sunlight,  but  it  is  always  manufactured  by  the  action  of  chlorine 
upon  carbon  bisulphide.  Clilorine  mixed  witli  the  vapour  of  that 
substance  is  passed  through  a  red-hot  tube  and  then  into  a  condenser. 
The  liquid  is  purified  by  shaking  it  with  lime  and  water  and  redis- 
tillation : 

CSo  +  3C1^  =  CCl^  -I-  S,,C1,,. 

Carbon  tetrachloride  is  a  colourless  licjuid  of  specific  gravity  1-6  and 
it  boils  at  77°.  It  has  a  peculiar  heavy  smell  resembling  that  of 
chloroform.  It  is  insoluble  in  water,  but  mixes  with  alcohol,  ether, 
and  benzene.  It  does  not  dissolve  salts  but  takes  up  bromine  and 
iodine  freely  and  without  chemical  change. 
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Compounds  op  Carbon  and  Oxygen, 

There  are  two  compounds  of  carbon  and  oxygen,  in  which  the 
quantities  of  oxygen  united  with  the  same  amount  of  carbon  are  to 
each  other  as  1  :  2,  namely, 

Composition 
Formula.  by  weiglit. 

Carbon.  Oxygen. 
Carbon  Monoxide,  CO  3  4 

Carbon  Dioxide,     COg  3  8 

Carbon  Monoxide,  Carbonic  Oxide. — When  carbon  dioxide  is 
passed  over  red-hot  charcoal  or  metallic  iron,  one-half  of  its  oxygen 
is  removed,  and  it  becomes  converted  into  carbon  monoxide.  The 
blue  flame  often  seen  playing  upon  the  surface  of  a  clear  fire  is 
produced  by  carbon  monoxide  in  the  act  of  burning  into  carbon 
dioxide. 

Experiment. — Introduce  into  a  flask  fitted  with  a  bent  tube  some 
crystallised  oxalic  acid  (H2C2O4.2H2O),  and  pour  upon  it  five  or  six 
times  as  much  strong  oil  of  vitriol.  On  heating  the  mixture,  the 
oxalic  acid  is  resolved  into  water,  carbon  dioxide,  and  carbon 
monoxide  :  H2C2O4  =  CO  +  CO2  +  H2O  :  and  by  passing  the  gases 
through  a  strong  solution  of  caustic  potash,  the  first  is  withdrawn  by 
absorption,  while  the  second  remains  unchanged.  The  apparatus 
employed  in  the  preparation  of  hydrochloric  acid  (p.  99)  may  be 
used,  the  washing  bottle  being  half  fdled  with  solution  of  potash. 

Experiment. — Another  and  perhaps  jDreferable  method,  is  to  svib- 
stitute  sodium  formate  for  the  oxalic  acid  in  the  previous  experiment. 
Pure  carbon  monoxide  is  obtained  : 

HCHO2  -  H2O  =  CO, 
Formic  Acid. 

and  the  potash  may  therefore  be  dispensed  with. 

A  third  method  is  to  heat  finely-powdered  yellow  potassium  ferro- 
cyanide  with  8  or  10  times  its  weight  of  concentrated  sulphuric  acid. 
The  salt  is  entirely  decomposed,  yielding  a  copious  supply  of  per- 
fectly pure  carbon  monoxide,  which  may  be  collected  over  water  in 
the  usual  manner.    The  reaction  is  represented  by  the  equation — 

K,FeC„N„  +  6H2O  +  6H2SO4  =  6C0  +  2K2SO4  -|- 
Potassium  ferro-  Sulphuric  Potassium 

cyanide.  acid.  sulphate. 

3(^114)280,  +  FeS04. 

Amninnium  PVirniis 
sulpliate.  suljjhate. 

Carbon  monoxide  is  a  combustible  gas,  which  burns  with  a  beautiful 
palc-bU;e  flame,  generating  carbon  dioxide.  It  is  colourless,  has  very 
little  odour,  is  but  slightly  soluble  in  water,  and  is  extremely  poison- 
ous.    Mixed  with  oxygen,  it  explodes  by  the  electric  spark,  but 
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only  in  the  presence  of  moisture.  Its  density  is  14  (H  =  l)  or  0'973 
(air  =  l) ;  a  litre  weighs  1-2515  grams  ;  100  cubic  inches  weigh  30"21 
grains. 

The  relations  by  volume  of  the  oxides  of  carbon  are  as  follows  : — 
Carbon  dioxide  contains  its  own  volume  of  oxygen,  that  gas  suffer- 
ing no  change  of  bulk  when  carbon  is  burnt  in  it.  One  measure  of 
carbon  monoxide,  mixed  with  half  a  measure  of  oxygen  and  exploded, 
yields  one  measure  of  carbon  dioxide  :  hence  carbon  monoxide 
contains  lialf  its  volume  of  oxygen. 

Experiments. — 1.  Ignite  the  gas  as  it  issues  from  the  delivery-tube, 
notice  the  peculiar  blue  colour  of  the  flame. 

2.  Collect  a  jar  full  of  the  gas  from  the  formate,  pour  into  it  some 
clear  lime-water  and  shake  it  up.  The  lime-water  remains  clear. 
Now  ignite  the  gas  at  the  mouth  of  the  jar  and  let  it  burn  out :  on 
shaking  up  the  lime-water  a  white  precipitate  of  calcium  carbonate 
is  immediately  formed.  If  in  this  experiment  the  gas  be  prepared 
from  oxalic  acid,  it  must  be  left  in  contact  with  caustic  potash  for  a 
short  time  to  remove  the  last  portions  of  carbon  dioxide. 

Carbon  monoxide  unites  with  chlorine  under  the  influence  of  light, 
forming  a  pungent,  suffocating  compound,  called  phosgene  gas, 
or  carbonyl  chloride,  COClg.  Carbon  monoxide  is  also  absorbed 
by  a  solution  of  cuprous  chloride  forming  the  compound  CujCljCO  ; 
this  fact  is  turned  to  account  in  the  analysis  of  mixtures  of  gases. 
Though  this  oxide  is  not  absorbed,  like  the  dioxide,  by  solution  of 
caustic  potash  at  common  temperatures  it  is  taken  up  at  a  tempera- 
ture of  about  100°  and  is  converted  into  a  formate,  thus  : 

KHO  +  C0  =  KCHO2 . 

Its  most  remarkable  compound,  however,  is  that  which  is  formed 
by  passing  it  over  finely  divided  metallic  nickel  gently  heated.  The 
product  is  a  volatile  compound  having  the  composition  Ni(C0)4, 
which  is  readily  condensed  into  a  colourless  mobile  liquid.  A 
similar  compound  Fe(C0)5  is  formed,  though  less  easily,  with  metiillic 
iron. 

Carbon  Dioxide,  or  Carbonic  Anhydride,  Carhonic  Acid  Gas, 
COo. — This  compound  is  always  produced  when  charcoal  or  any 
other  form  of  carbon  burns  in  air  or  oxygen  gas.  It  is  also  formed 
in  large  quantity  in  the  decomposition  of  limestone  in  the  lime  kiln, 
also  in  the  process  of  fermentation  in  the  brewers'  vat,  and  from  both 
these  sources  large  quantities  are  now  collected  for  manufacturing 
purposes.  It  is,  however,  more  conveniently  prepared  for  purposes 
of  experiment  by  decomposing  a  carbonate  with  one  of  the  stronger 
acids. 

Experiment. — For  this  purpose  the  apparatus  for  generating  hydro- 
gen (p.  23)  may  again  be  employed  :  fragments  of  marble  are  put 
into  the  bottle  with  enough  water  to  cover  the  extremity  of  the 
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funnel-tube,  and  hydrochloric  or  nitric  acid  is  added  by  the  latter, 
until  the  gas  is  freely  disengaged  : 

CaCOj  +  2HC1  =  CaClg  +  Hp  +  CO^. 

Chalk-powder  and  dilute  sulphuric  acid  may  be  used  instead  : 

CaCOs  +  H2SO4  =  CaSO^  +  HgO  +  COg . 

This  latter  process  is  less  convenient  than  the  former  because  the 
calcium  sulphate  produced  is  but  slightly  soluble  and  is  soon 
deposited  so  as  to  give  rise  to  a  pasty  mass. 

The  gas  may  be  collected  over  water,  although  with  some  loss ;  or 
very  conveniently  by  displacement  of  air,  if  it  Ije  required  dry,  or  in 
the  merci;rial  trough.  The  moisture  present  in  the  gas  may  be 
removed  by  causing  it  to  pass  through  a  tube  containing  pumice 
wetted  with  sulphuric  acid,  or  merely  to  bubble  through  the  acid 
contained  in  a  bottle  with  two  necks. 

Carbon  dioxide  is  a  colourless  gas  having  an  agreeable  pungent 
taste  and  odour.  Its  density  is  22  (H  =  l)  or  r524  (air  =  l) ;  a  litre 
weighs  1'96664  grams,  and  100  cubic  inches  weigh  47'26  grains.  It 
is  very  hurtful  to  animal  life,  even  when  largely  diluted  with  air, 
acting  as  a  narcotic  poison  :  hence  the  danger  arising  from  imperfect 
ventilation,  the  use  of  fire-places  and  stoves  of  all  kinds  unprovided 
with  proper  chimneys,  and  the  crowding  together  of  many  indi- 
viduals in  houses  and  ships  without  efficient  means  of  renewing  the 
air  :  for  carbon  dioxide  is  constantly  disengaged  during  the  process 
of  respiration,  which,  as  already  mentioned,  is  nothing  but  a  process 
of  slow  combustion.  This  gas  is  sometimes  emitted  in  large  quantity 
from  the  earth  in  volcanic  districts,  and  it  is  constantly  generated 
where  organic  matter  is  in  the  act  of  undergoing  fermentative  decom- 
position. The  fatal  "  after-damp  "  of  the  coal-mines  contains  a  large 
proportion  of  carbon  dioxide. 

A  lighted  taper  plunged  into  carbon  dioxide  is  instantly  extin- 
guished even  to  the  red-hot  snuff.  The  gas,  when  diluted  with  three 
times  its  volume  of  air,  still  retains  the  power  of  extinguishing  a 
light.  It  is  easily  distinguished  from  nitrogen,  which  is  also  incap- 
able of  supporting  combustion,  by  its  rapid  absorption  by  caustic 
alkali,  or  by  lime-water  ;  the  turbidity  communicated  to  the  latter 
from  the  production  of  insoluble  calcium  carbonate  is  very  charac- 
teristic. 

Cold  water  dissolves  al)out  its  own  volume  of  carbon  dioxide, 
whatever  be  the  density  of  the  gas  with  which  it  is  in  contact  (comp. 
p.  8.3) ;  the  solution  temporarily  reddens  litmus  paper.  Common 
soda  water  and  effervescent  wines  attbrd  examples  of  the  solubility 
of  the  gas.    Even  boiling  water  absorbs  a  perceptible  quantity. 

Carbon  dioxide  is  liquefied  by  a  pressure  of  38'5  atmospheres  at  0°. 
The  liquefied  oxide  is  colourless  and  limpid,  lighter  than  water,  and 
four  times  more  expansible  than  air  ;  it  mixes  in  all  proportions 
with  ether,  alcohol,  naphtha,  oil  of  turpentine,  and  carbon  bisul- 
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phide,  and  is  insoluble  in  water  and  fat  oils.  In  this  condition  it 
does  not  exhibit  any  of  the  properties  of  an  acid. 

When  the  liquid  is  allowed  to  escape  through  a  fine  jet  into  the 
air  a  portion  of  it  evaporates  so  rapidly  as  to  cause  a  great  reduction 
of  temperature  sufficient  to  produce  solidification  of  the  remainder. 
The  product  is  collected  either  in  a  drum-shaped  metal  box  or  in  a 
flannel  bag.  In  this  condition  carbon  dioxide  is  a  white  snow-like 
substance  which  is  a  bad  conductor  for  heat,  and,  therefore,  may  be 
preserved  in  the  air  for  some  time.  It  evaporates  into  gas  without 
liquefying.  When  dissolved  in  common  ether  the  liquid  acquires 
a  temperature  of  about  —77°,  under  atmospheric  pressure,  or  it  may 
fall  to  — 103°  when  boiling  under  reduced  pressure.  Such  a 
mixture  was  first  employed  by  Faraday  to  obtain  low  temperatures 
in  his  experiments  upon  the  liquefaction  of  gases,  and  is  now 
frequently  used  for  similar  purposes. 

Experiments. — 1.  Immerse  a  lighted  taper  in  carbonic  acid  gas  ;  it 
is  instantly  extinguished. 

2.  Into  a  jar  of  the  gas  pour  some  clear  lime-water  ;  a  white  pre- 
cipitate of  calcium  carbonate  is  formed  in  the  liquid. 

3.  Attach  a  small  candle  to  a  wire  and  lower  it  into  a  small  jar 
of  air ;  then  take  a  jar  full  of  carbonic  dioxide  and  tilt  it  over 
the  candle  as  in  pouring  a  liquid.  The  carbon  dioxide  is  heavy 
enough  to  flow  from  one  vessel  to  the  other,  and  its  presence  is 
indicated  by  the  extinction  of  the  flame. 

4.  Place  a  few  fragments  of  caustic  potash  in  a  small  U-tube  and 
weigh  the  tube  with  its  contents.  Then  attach  it  to  the  carbonic 
acid  apparatus  and  allow  the  gas  to  flow  through  the  tube  for  a  few 
minutes.  Weigh  again  and  observe  that  there  is  an  increase  of 
weight.  Dissolve  the  potash  in  a  little  water  placed  in  a  small 
gas  cylinder  and  add  excess  of  any  acid.  Effervescence  occurs,  and 
the  cylinder,  if  not  too  large,  is  filled  with  carbonic  dioxide,  which 
may  be  recognised  by  a  burning  taper. 

Carbon  dioxide  exists,  as  already  mentioned,  in  the  air  :  relatively 
its  quantity  is  but  small :  but  absolutely,  taking  into  account  the 
vast  extent  of  the  atmosphere,  it  is  very  great,  and  full,y  adequate 
to  the  purpose  of  supplying  plants  with  their  carbon,  these  latter 
having  the  power,  by  the  aid  of  their  green  leaves,  of  decomposing 
carbon  dioxide,  retaining  the  carbon,  and  expelling  the  oxygen. 
The  presence  of  light  is  essential  to  this  effect,  but  the  manner  of  its 
production  is  not  yet  clearly  understood. 

The  carbonates  form  a  very  large  and  imj)ortant  group  of  salts, 
some  of  which,  as  the  carbonates  of  calcium  and  nuigiu'sium,  occur 
very  abundantly  in  nature.  They  contain  the  elements  of  carbon 
dioxide  and  a  metallic  oxide  :  calcium  carbonate,  for  example,  being 
represented  by  the  formula  CaO,C02  or  CaCO.,  ;  but  they  are  never 
formed  by  the  direct  union  of  dry  carbon  dioxide  with  a  c\ry  metallic 
oxide,  the  intervention  of  water  being  always  required  to  bring 
about  the  combination.  Potassium  carbonate  (pearl-ash)  is  the  chief 
constituent  of  wood-ashes:  sodium  carbonate  is  contained  in  the  ashea 
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of  marine  plants,  and  is  manufactured  on  a  very  large  scale  by  heat- 
ing sodium  sulphate  with  lime  and  coal.  These  carbonates  are 
soluble  in  water.  The  other  metallic  carbonates,  which  are  usually 
insoluble,  may  be  formed  by  mixing  a  solution  of  potassium  or 
sodium  carbonate  with  a  soluble  metallic  salt ;  thus,  when  solutions 
of  lead  nitrate  and  sodium  carbonate  are  mixed  together,  the  lead 
and  sodium  cbange  places,  forming  sodium  nitrate,  which  remains 
dissolved,  and  lead  carbonate,  which,  being  insoluble  in  water,  is 
precipitated  as  a  white  powder:  Pb(N03),+Na2C03  =  2NaN03+ 
PbC03. 

The  solution  of  carbon  dioxide  in  water  may  be  supposed  to  con- 
tain hydrogen  carbonate  or  carbonic  acid,  H.^COg  or  H20,C02 ;  but 
this  compound  is  not  known  in  the  separate  state,  only  in  aqueous 
solution.  According  to  Wroblewski,  however,  carljon  dioxide 
unites  with  water  at  0°  C.  and  under  a  pressure  of  about  16  atmos- 
pheres, forming  the  hydrate  C02,8H20  or  H2CO3.7H2O. 

Experiments. — 1.  Allow  carbon  dioxide  gas  to  bubble  through  some 
distilled  water  contained  in  a  flask,  to  which  a  few  drops  of  blue 
litmus  solution  have  been  added.  The  liquid  soon  acquires  a  wine- 
red  tint. 

2.  Boil  the  solution  for  a  few  minutes,  and  observe  that  the  blue 
colour  is  gradually  restored,  in  consequence  of  the  expulsion  of  the 
carbonic  anhydride. 

The  amount  of  carbon  dioxide  contained  in  a  carbonate  may  be 
estimated  by  the  loss  of  weight  which  the  salt  undergoes  when 
decomposed  by  an  acid.  This  may  be  determined  by  means  of 
Geissler's  or  some  similar  apparatus  (fig.  93).  It  consists  of  three 
glass  vessels,  A,  B,  C,  the  last  of  which  is  ground 
air-tight  into  the  neck  of  A ;  6  c  is  a  glass  tube 
open  at  both  ends,  ground  water-tight  into  C  at 
the  lower  end,  and  kept  in  position  by  the  cork 
%  which  can  slide  up  and  down  on  the  tube  h  c. 
The  cork  e  must  close  air-tight  in  B,  and  the 
tube  d  in  e.  The  weighed  substance  to  be  decom- 
posed is  introduced  into  A,  and  water  is  added. 
The  vessel  C  is  then  filled  with  the  aid  of  a 
pipette  nearly  to  the  top  with  dilute  nitric  or 
hydrochloric  acid,  the  cork  i  having  been 
previously  moved  upwards  without  raising  the 
tube  b.  The  cork  i  is  then  replaced  ;  the  vessel 
C  again  inserted  into  A  ;  the  vessel  B  is  rather 
more  than  half  filled  with  strong  sulphuric 
acid  ;  and  the  tube  b  is  closed  at  the  top  by  placing  over  it  a  small 
piece  of  caoutchouc  tubing,  with  a  glass  rod  fitted  into  the  other 
end.  The  apparatus  having  been  weighed,  the  decomposition  of 
the  carbonate  is  effected  by  opening  the  tube  b  a  little,  so  as  to 
cause  acid  to  pass  from  C  into  A.  The  carbon  dioxide  then  passes 
through  the  bent  tube  h  into  the  sulphuric  acid,  by  which  it  is  dried, 
and  finally  leaves  the  apparatus  through  d.     When  the  decom- 
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Fig.  94. 


position  is  complete,  the  vessel  A  is  gently  heated,  the  stopper  is 
removed  from  b,  and  the  carbon  dioxide  still  remaining  in  the 
apparatus  is  sucked  out  at  d.    The  apparatus,  alter  cooling,  is  again 

weighed,  and  the  difference 
between  the  two  weighings  gives 
the  weight  of  the  carbon  dioxide 
expelled. 

For  many  purposes,  however, 
it  is  more  convenient  and  almost 
equally  accurate  to  estimate  the 
volume  of  the  gas  expelled  by 
the  decomposition  of  the 
carbonate  by  an  acid.  Fig.  94 
represents  Scheibler's  apparatus 
which  is  wsed  for  this  purpose. 
The  carbonate  is  weighed  out  in 
a  little  bottle  into  which  may 
be  lowered  a  tube  filled  with 
dilute  hydrochloric  acid. 
Tlirough  the  stopper  of  the 
bottle  passes  one  extremity  of  a 
flexible  tube,  the  other  end  of 
which  is  united  to  a  toy  india- 
rubber  balloon  enclosed  in  the 
second  bottle.  When  the  acid 
is  poured  out  iipon  the  carbonate 
by  inclining  the  first  bottle  the 
escaping  gas  inflates  the  balloon 
and  so  drives  the  water  out  of 
the  measuring  tube.  The  level 
of  the  water  in  the  two  tubes 
must  be  adjusted  before  and 
after  each  evolution  of  gas,  the 
volume  of  which  can  then  be 
easily  read  off.  The  temperature 
is  given  by  the  thermometer  attached  to  the  stand. 

Carbouyl  Chloride,  Carbon  Oxychloride,  or  Phosgene,  COCl,. 

— This  compound  is  the  product,  already  referred  to,  obtained  when 
a  mixture  of  carbon  monoxide  and  chlorine  is  exposed  to  sunshine. 
It  is  also  formed  without  the  aid  of  light  by  passing  the  mixed  gases 
through  a  long  tube  filled  with  crushed  animal  charcoal  or  bone 
black. 

It  is  produced  most  freely  by  passing  the  gases  together  through 
boiling  antimony  pentachloride  which  causes  them  to  unite  at  once. 
The  product  is  purified  from  excess  of  chlorine  by  i)assing  through  a 
tube  tilled  witli  powdered  antimonj'. 

Carbonyl  chloride  at  the  temperature  of  the  air  is  a  colourless  gas 
but  it  may  easily  be  liquefied,  and  the  liquid  boils  at  8°.  Brought 
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into  contact  with  water  it  is  decomposed  into  carbonic  acid  and 
hydrogen  chloride  : 

COCI2  +  2H2O  =  C0(H0)2  +  2HC1. 

The  carbonic  acid  is  as  usual  resolved  at  once  into  water  and 
carbon  dioxide  : 

C0(H0)2  =  CO2  +  H2O. 

When  carbonyl  chloride  is  mixed  with  ammonia  it  forms  the  amide 
of  carbonic  acid,  a  substance  which  is  identical  with  urea,  an  excretory 
product  of  the  animal  body.  Sal-ammoniac  is  produced  at  the  same 
time  : 

COCl,  +  2NH3  =  CO(NH2)2  +  2HC1. 

Carbamide. 

Carbonyl  chloride  stands  therefore  in  the  same  relation  to  the 
hy]3othetical  carbonic  acid  as  suli^huryl  chloride  to  sulphuric  acid 
and  phosphoryl  chloride  to  phosphoric  acid,  and  its  known  composi- 
tion affords  additional  evidence  in  favour  of  the  formula  H2CO3  or 
C0(H0)2,  usually  assigned  to  carbonic  acid. 


Carbon  and  Sulphur. 

Two  compounds  of  these  elements  are  knowm,  viz.,  the  bisulphide 
produced  by  the  direct  combination  of  its  elements  at  a  high  tem- 
perature, and  a  monosulphide. 

Carbon  Bisulphide  or  Bisulphide,  CS,.  — Charcoal  heated  to  red- 
ness in  sulphur  vapour  combines  with  it  and  forms  a  compound 
which  may  be  condensed  to  a  colourless  very  inflammable  liquid. 

For  preparation  on  the  large  scale,  a  tubulated  earthen  retort  is 
filled  with  charcoal,  and  the  sulphur  is  dropped  in  through  a 
porcelain  tube  passing  through  the  tubulus,  and  reaching  nearly  to 
the  bottom ;  or  the  charcoal  is  contained  in  a  large  iron  cylinder,  and 
the  sulphur  introduced  through  a  pipe  fitted  into  the  lower  part. 

The  vaporised  product  passes  first  through  an  empty  two-necked 
stoneware  bottle,  for  the  reception  of  any  uncombined  sulphur,  and 
then  into  a  long  condenser  supplied  with  water  as  cold  as  possible. 
In  summer  time  the  addition  of  ice  will  be  necessary.  The  liquid 
has  a  very  offensive  odour,  due  to  sulphurous  impurities,  which  can 
be  only  partly  removed  by  distillation.  The  complete  purification 
of  carbon  bistilphide  is  diiiicult. 

Carbon  bisulphide  is  a  transparent  colourless  liquid  of  great 
refractive  and  dispersive  power.  Its  density  is  1'272,  and  that  of  its 
vapour  is  2-67  (air  =  l).  It  boils  at  43°,  and  emits  vapour  of  con- 
siderable pressure  at  common  temperatures.  In  its  ordinary  state, 
it  has  a  very  repulsive  odour,  but  when  pure  it  smells  somewhat 
like  chloroform.    When  set  on  fire  in  the  air,  it  burns  with  a  blue 
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flame,  forming  carbon  dioxide  and  sulpliur  dioxide ;  and  when  its 
vapour  is  mixed  Avith  oxygen  it  becomes  explosive.  Carbon  bisul- 
phide, when  heated  with  water  in  a  sealed  tube  to  about  153°,  is 
converted  into  carbon  dioxide  and  hydrogen  suliDhide.  In  contact 
with  nascent  hydrogen  (when  heated  with  zinc  and  dilute  sulphuric 
acid)  it  is  converted  into  a  white  crystalline  substance,  having  the 
composition  CH2S,  crystallising  in  square  prisms,  insoluble  in  water, 
alcohol,  and  ether,  bait  soluble  in  carbon  bisulphide,  subliming  at 
150°,  and  decomposing  at  200°.  Carbon  bisulphide  freely  dissolves 
sulphur,  and  by  spontaneous  evaporation  deposits  the  latter  in  beau- 
tiful crystals  ;  it  also  dissolves  phosphorus,  iodine,  camphor,  and 
caoutchouc,  and  mixes  easily  with  oils.  It  is  extensively  used  in 
the  vulcanisation  of  caoutchouc,  and  in  the  manufacture  of  gutta 
percha ;  also  for  extracting  bitumen  from  mineral  substances,  and 
oils  from  seeds. 

Carbon  bisulphide  must  be  regarded  as  the  anhydride  of  a  thio- 
acid  to  which  it  stands  in  the  same  relation  as  carbon  dioxide  to 
carbonic  acid. 

TMocarbonic  Acid,  H2CS3  =  CS(SH)2,  also  called  Sulplwcarhonic 
Acid. — Thiocarl3onates  are  formed  on  adding  carbon  bisulphide  to 
the  solution  of  an  alkaline  sulphide,  e.g.,  CS2-|-Na2S  =  Na2CS3  or 
CS2-h2NaHS  =  Na2CS3-fH2S.  Their  jDroduction  is  'therefore  ana- 
logous to  that  of  carbonates  which  are  formed  by  the  union  of 
carbon  dioxide  and  metallic  oxides,  C02-f  Na20  =  Na2C03  or  COj-J- 
2NaHO  =  Na2C03-Hll20.  From  the  residting  solution,  decomposed 
by  hydrochloric  acid,  thiocarbonic  acid  may  be  precipitated  in  the 
form  of  a  yellow  oil  having  an  offensive  and  pungent  odour,  and 
resolved  by  heat  into  CS2  and  HjS.  The  thiocarbonates  of  the 
alkali-metals  and  alkaline  earth-metals  are  soluble  in  water,  and  the 
solutions  give  a  brown  precipitate  with  copper  salts,  yellow  with 
dilute  silver  nitrate,  red  with  lead-salts.  These  precipitates  readily 
turn  black,  from  separation  of  the  corresponding  sulphides. 

Carbon  MonosulpMde,  CS,  has  been  variously  described  as  a 
gas  obtained  by  heating  sodium  sulphide  with  chloroform,  3Na2S-[- 
2CHCl3=H2S-t-2CS-^6NaCl,  and  as  a  solid  brown  powder  formed 
by  the  action  of  sunlight  upon  carbon  bisulphide  or  by  prolonged 
digestion  of  iron  wire  with  the  same  substiince. 

If  both  these  statements  are  correct  it  appears  probable  that  the 
solid  compound  is  "polymeric"  with  the  gas,  and  may  be  represented 
by  such  a  formula  as  (CS)„.  The  subject,  however,  requires  further 
investigation, 

Thiocarbonyl  Chloride,  CSClj,  is  obtained  by  the  prolonged 
action  of  dry  chlorine  gas  on  carbon  bisulphide,  and  more  readily  by 
heating  the  bisulphide  in  sealed  tubes  at  100°  with  phosphorus  peuta- 
chloride:  CS.,  +  PClf,  =  PSCl3  4-CSCl2.  It  is  a  colourless  strong- 
smelling  liquid,  insoluble  in  water,  boiling  at  70°. 
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Cai-bon  Oxysxilpliide,  or  Carbonyl  Sulphide,  COS.— This  com- 
pound appears  to  exist  in  some  sulphur  springs  and  in  the  sul- 
phurous gases  of  volcanoes.  It  is  produced  by  direct  combination 
when  carbon  monoxide  mixed  with  suljjhur-vapour  is  passed  throngh 
a  red-hot  porcelain  tube.  As  thus  prepared  it  is  mixed  with  free 
carbon  monoxide  ;  but  on  passing  the  gas  throngh  alcoholic  potash, 
the  oxysulphide  is  alone  absorbed,  and  may  be  liberated  in  the  jDure 
state  by  treating  the  solution  with  hydrochloric  acid. 

Carbon  oxysulphide  is  also  produced  by  gently  heating  the 
bisulphide  with  an  equivalent  quantity  of  sulphur  trioxide  :  CSj-f- 
S03  =  CS04-S02  +  S ;  and  by  decomposing  potassium  thiocyanate 
with  moderately  dilute  acids :  thiocyanic  acid,  HCNS,  is  then 
liberated  and  decomposed  by  the  water  present  in  the  manner  repre- 
sented by  the  equation,  HCSN-l-HoO-t- HCl  =  NH4Cl-f-C0S. 

Carbon  oxysulphide  is  a  gas  of  density  2-1,  and  may  easily  be 
poured  from  one  vessel  to  another.  It  has  an  aromatic  odour  like 
that  of  some  resins,  slightly  also  that  of  hydrogen  sulphide,  and  a 
feebler  acid  reaction  than  carbon  dioxide.  At  a  low  red  heat  it  is 
partly  resolved  into  carbon  monoxide  and  sulphur-vapour  ;  by  a  fine 
platinum  wire  ignited  by  the  electric  current,  it  is  slowly  but  com- 
pletely decomposed,  yielding  an  equal  volume  of  carbon  monoxide. 
It  burns  in  the  air  with  a  faint  blue  flame,  producing  carbon  dioxide 
and  sulphur  dioxide  ;  with  1^  volume  of  oxygen  it  forms  an  explosive 
mixture  burning  with  a  shining  bluish- wliite  flame. 

Water  absorbs  about  its  own  volume  of  carbon  oxysulphide, 
acquiring  a  sweetish  and  afterwards  a  iningent  taste,  and  decompos- 
ing it  after  some  time.  Potash  solution  absorbs  the  gas  as  com- 
pletely as  carbon  dioxide,  though  less  quickly  ;  the  solution  exhibits 
the  reactions  of  metallic  sulphides,  and  when  treated  with  acids 
gives  off  hydrogen  sulphide  and  carbon  dioxide.  Baryta-water  and 
lime-water  act  in  a  similar  manner.  Neutral  or  acid  solutions  of 
lead,  copper,  cadmium,  and  silver  salts  are  not  precipitated  by  the 
gas,  but  when  mixed  with  excess  of  ammonia  they  yield  with  it 
characteristic  precipitates  of  metallic  sulphides. 

Carbon  and  Nitrogen. 

Cyanides. — When  nitrogen  is  brought  into  contact  with  potassium 
carbonate  mixed  with  carbon  at  a  bright  red  heat,  the  nitrogen  of 
the  air  unites  with  the  carbon  and  the  potassium  forming  a  corajjound 
called  a  cyanide : 

K2CO3  -I-  4C  -I-  N2  -  2KCN  +  SCO. 

The  production  of  this  compound  is  often  observed  in  the  joints  of 
the  blast  furnace  (see  Iron),  owing  to  the  action  of  atmospheric 
nitrogen  upon  the  mixture  of  carbon  and  the  alkaline  constituents 
of  the  coal  ashes. 

Potassium  cyanide  is  usually  manufactured  by  heating  strongly 
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animal  refuse  such  as  scraps  of  wool,  hair,  hide,  or  hoof,  all  of  which 
are  rich  in  nitrogen  as  well  as  carbon,  together  with  potassium 
carbonate  and  scrap-iron  in  an  iron  pot.  On  treating  the  residual 
fused  mass  with  water,  a  complex  salt  is  dissolved  out  called  yellow 
prussiate  of  potash-or  potassium  ferro-cyanide,  which  crystallises  in 
beautiful  quadratic  tables  and  prisms,  and  has  the  formula 
K^FeCgNgSHgO.  This  compound  dried  and  heated  alone  is 
resolved  into  iron,  carbon,  nitrogen,  and  potassium  cyanide.  The 
last  named  compound  is  obtained  more  economically  by  fusing 
potassium  ferro-cyanide  with  dry  potassium  carbonate  : 

K^FeCgNe  +  K2CO3  =  5KCN  +  KCNO  +  CO^  +  Fe. 

Cyanide.  Cyanate. 

This  is  a  commercial  process  by  which  large  quantities  of  cyanide 
are  made.  The  presence  of  the  cyanate  does  not  interfere  with  the 
use  of  the  salt  in  the  manufacturing  operations  to  which  it  is 
applied. 

Another  process  by  which  cyanides  are  manxifactured  is  based  upon 
the  interaction  which  ensues  when  carbon  bisulphide  is  heated  with 
ammonia,  whereby  a  thiocyanate  and  a  sulphide  are  formed  : 

CS2  +  4NH3  =  NH4CNS  +  (NH,)2S. 

If  an  altali,  such  as  caustic  soda,  and  peroxide  of  iron  or  man- 
ganese are  present,  the  whole  of  the  ammonia  is  converted  into 
sodium  thiocyanate,  while  a  sulphide  of  iron  or  manganese  is  pre- 
cipitated. From  the  thiocyanate,  by  heating  it  with  iron  turnings, 
the  sulphur  is  withdrawn,  and  a  cyanide,  NaCN,  is  obtained. 
Alkaline  cyanides  have  of  late  years  acquired  greiit  importance  from 
their  exteusive  use  in  the  extraction  of  gold  from  silicious  rocks. 

Hydrogen  Cyanide,  Hydrocyanic  Acid,  often  called  Priissic  Acid, 
HON.— When  either  ferro-cyanide  or  cyanide  of  potassium  is  distilled 
with  dilute  sulijhuric  acid  a  volatile  compound  is  obtained  called 
hydrocyanic  or  prussic  acid,  HON.  If  ferro-cyanide  is  employed, 
the  changes  which  occur  result  in  the  formation  of  an  insoluble 
double  ferro-cyanide,  which,  together  with  the  sulphate,  remains 
in  the  residue  : 

2K4FeC„N„  +  6H2SO4  =  6HCN  +  CKHSO^  -1-  K,,FeFeCoNg. 

Potassium  Hyiliogcii  Potassio-fcrrous 

fcrro-cyaiiiile.  cyanide.  ferro-cyauide. 

Hydrogen  cyanide  when  pure  is  a  colourless  liquid  which  boils  at 
26'5°,  and  is  probably  the  most  poisonous  substance  known.  It 
has  the  properties  of  an  acid,  interacting  with  alkalis  and  dissolving 
many  metallic  oxides  to  form  a  series  of  salts  which  in  general 
resemble  the  chlorides.  Thus  i)otassium  cyanide,  KCN,  crystallises 
from  water  in  cubes  like  ]iot;vssium  chloride,  KCl ;  silver  cyanide, 
AgCN,  is  a  white  curdy  precipitate  resembling  silver  chloride,  AgCl ; 
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mercuric  cyanide,  Hg(CN)2,  crystallises  in  prisms  similar  to  those 
of  mercuric  chloride,  IlgClg.  The  cyanides  of  the  heavy  metals  are, 
however,  decomposed  by  heat  more  easily  than  the  corresponding 
chlorides. 

Oyanogen,  C2N2. — When  dry  mercuric  cyanide  is  strongly  heated 
in  a  glass  tube,  fitted  up  lilie  that  used  for  the  evolution  of  oxygen 
(p.  37),  it  splits  up  into  metallic  mercury,  and  a  gaseous  body  called 
cyanogen,  containing  12  parts  by  weight  of  carbon  to  14  of 
nitrogen,  and  represented  by  the  formula  CgNg.  It  must  be  col- 
lected over  mercury,  as  it  is  rapidly  absorbed  by  water. 

Cyanogen  is  a  colourless  gas,  having  a  pungent  and  a  very  peculiar 
odour,  remotely  resembling  that  of  peach-kernels.  Exposed  while  at 
the  temperature  of  7*2°  C.  to  a  pressure  of  3'6  atmospheres, 
it  condenses  to  a  thin,  colourless,  transparent  liquid.  It  is  inflam- 
mable, and  burns  with  a  beautiful  purple  or  peach-blossom-coloured 
flame,  generating  carbon  dioxide  and  liberating  nitrogen.  Its 
density  is  1-801  referred  to  air,  or  26  referred  to  hydrogen  as 
unity.  One  volume  of  it  exploded  with  2  volumes  oxygen,  yields  1 
volume  nitrogen  and  2  volumes  carbon  dioxide.  Now,  the  weights 
of  equal  volumes  of  cyanogen,  nitrogen,  and  carbon  dioxide,  are  as 
26  : 14  : 22.  Consequently,  26  parts  by  weight  of  cyanogen  yield 
by  combustion  14  parts  of  nitrogen  and  44  parts  of  carbon  dioxide, 
containing  12  parts  of  carbon;  or  26  cyanogen  =  12  carbon  +  14 
nitrogen. 

This  group  of  elements,  represented  by  the  formula  CN,  which 
combines  with  elementary  bodies,  and  is  capable  of  passing  from  one 
state  of  combination  to  another,  just  as  if  it  were  itself  an  elementary 
body,  affords  an  example  of  what  is  called  a  compound 
radicle. 

When  mercuric  or  silver  cyanide  is  heated  it  will  be  observed  that 
a  considerable  quantity  of  a  nearly  black  substance  is  formed  together 
with  the  residual  metal.  This  substance  has  the  same  composition 
as  the  gas,  and  has  received  the  name  paracijanogen.  The  formula 
may  be  written  (CN)„,  but  the  degree  of  condensation  is  not  known, 
and  no  value  can  be  assigned  to  the  n.  Heated  to  redness,  para- 
cyanogen  is  completely  converted  into  cyanogen  gas. 
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SILICON  AND  BORON. 

These  two  elements,  thongli  differing  in  their  capacity  of  com- 
bination as  shown  by  the  formuke  of  their  compounds,  have  many 
characters  in  common.  They  both  occur  in  several  allotropic 
modifications,  they  form  unstable  gaseous  compounds  with  hydro- 
gen, each  forms  one  solid,  fusible,  non-volatile  oxide,  and  their 
chlorides  which  are  volatile,  colourless  liquids  are  both  decomposed 
by  contact  with  water. 

Silicon  is  often  ranged  along  with  carbon  on  account  of  its  com- 
bination with  four  atoms  of  hydrogen  or  of  chlorine,  but  its  com- 
pounds are  almost  uniformly  unlike  the  corresponding  compounds  of 
carbon,  the  oxide  for  example  (SiOg)^  being  a  crystalline  non- volatile 
solid,  while  carbon  dioxide  is  so  exceedingly  volatile  as  to  be  gaseous 
under  all  ordinary  conditions. 

SILICON. 

Symbol,  Si.    Atomic  weight,  28. 

This  element  in  union  with  oxygen  forms  silica,  or  the  earth  of 
flints  (Silex),  which  is  one  of  the  most  abundant  of  natural  minerals 
either  in  the  crystallised  form  as  quartz,  in  its  several  varieties,  or  as 
a  constituent  of  numerous  silicates.  It  is  also  abundant  in  the 
ashes  of  many  plants. 

To  obtain  silicon  in  the  free  state,  potassium  silicofluoride  is 
heated  in  a  covered  crucible  with  nearly  its  own  weight  of  metallic 
sodium,  whereupon  violent  reaction  ensues,  resulting  in  the  for- 
mation of  sodium  and  potassium  fluorides  and  free  silicon.  On 
transferring  the  contents  of  the  tube  to  cold  water,  the  fluorides 
dissolve,  and  silicon  remains  behind.  Silicon  may  also  be  obtained 
direct  from  quartz  sand  by  heating  it  strongly  with  four  times  its 
weight  of  magnesiiim  powder.  On  treating  the  resulting  mass  with 
hydrochloric  acid,  some  silicon  hydride  is  evolved  as  gas,  and  the 
silicon  is  left  insoluble  in  the  amorphous  state. 

Silicon  thus  prepared  is  a  dark-brown  powder,  destitute  of  lustre. 
Heated  in  the  air,  it  burns,  and  becomes  superficially  converted  into 
silica.  It  is  also  acted  upon  bj"^  sulphur  and  by  chlorine.  When 
silicon  is  strongly  heated  in  a  covered  crucible,  its  properties  are 
greatly  changed  ;  it  becomes  darker  in  colour,  denser,  and  incom- 
bustible, refusing  to  burn  even  when  heated  by  the  flame  of  the  oxy- 
hydrogen  blow-pipe. 

Silicon,  like  carbon  and  boron,  is  capable  of  existing  in  several 
allotropic  modilications.  The  modification  above  mentioned  is 
amorphous.  The  crystalline  modification  may  be  obtained  by 
inciting  the  amorphous  silicon  with  metallic  zinc,  and  dissolving 
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out  the  excess  of  zinc  from  the  mass  when  cold,  or  by  introducing 
into  a  red-hot  crucible  a  mixture  of  3  parts  of  potassium  silicofluoride, 
1  part  of  sodium  in  small  fragments,  and  4  parts  of  granulated  zinc, 
and  heating  to  perfect  fusion.  On  slowly  cooling,  there  is  formed 
a  button  of  zinc,  covered  and  interspersed  with  needle-shaped 
crystals,  consistijig  of  octahedrons  joined  in  the  direction  of  the  axis. 
This  crystallised  silicon,  which  may  be  readily  freed  from  zinc  by 
treatment  with  acids,  resembles  crystallised  haematite  in  colour  and 
appearance  ;  it  scratches  glass,  and  fuses  at  a  temperature  approach- 
ing the  melting  point  of  cast-iron,  and  has  a  specific  gravity  Ijetween 
2-3  and  2*4.  Silicon  in  a  crystalline  state  may  also  be  obtained  by 
heating  aluminium  in  a  stream  of  silicon  chloride  or  fluoride. 
Aluminium  chloride  or  fluoride  volatilises  leaving  a  metallic  mass 
containing  crystals  of  silicon. 

Silicon  Hydride,  or  Silicomethane,  SiH^. — This  compound  is 
obtained  when  a  solution  of  common  salt  or  of  sulphuric  acid  is 
electrolysed,  the  negative  electrode  employed  consisting  of  aluminium 
containing  silicon.  The  gas  is  most  easily  obtained  by  treating 
magnesium  silicide  with  hydrochloric  acid.  Both  methods  yield 
silicon  hydride  mixed  with  free  hydrogen.  Pure  silicon  hydride 
has  been  obtained  by  decomposing  triethyl  silico-formate  with 
sodium.  The  reaction  by  which  it  is  produced  is  represented  by  the 
following  equation  : 

4SiH(OC2H5)3  =  SiH,  -f  3Si(OC2H5)4. 

Triethyl  silico-         Silicic  Tetretliyl 
formate.  hydride.  silicate. 

Silicon  h)'dride  is  a  colourless  gas,  having  a  density  16  (H  =  l). 
In  the  impure  state,  as  obtained  by  the  first  two  jarocesses  above 
given,  it  takes  fire  sjjontaneously  on  coming  in  contact  with  the  air, 
and  burns  with  a  white  flame,  evolving  clouds  of  silica.  Pure  silicic 
hydride,  however,  does  not  ignite  spontaneously  under  the  ordinary 
atmospheric  pressure  ;  but  on  passing  a  bubble  of  air  into  the  rare- 
fied gas  standing  over  mercury,  it  takes  fire,  and  yields  a  deposit  of 
amorphous  silicon  mixed  with  silica.  When  heated  to  a  temperature 
of  about  400"  silicon  hydride  is  decomposed  into  hydrogen  and 
silicon,  silicon  being  deposited.  When  passed  into  chlorine  gas,  it 
takes  fire,  forming  silicon  tetrachloride  and  hydrochloric  acid. 


Halogen-Compounds  of  Silicon. 

smcon  TetracMoride,  or  Silicic  Chloride,  SiCb,  is  formed  by 
direct  combination  of  its  elements,  but  is  nsually  prepared  by 
mixing  finely-divided  silica  with  charcoal-powder  and  oil,  strongly 
heating  the  mixture  in  a  covered  crucible,  and  then  exposing  the 
mass  so  obtained  in  a  porcelain  tube  heated  to  full  redness,  to  the 
fiction  of  perfectly  dry  chlorine  gas.    A  good  conilcmsiiig  arrange-' 
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nient,  supplied  with  ice-cold  water,  must  be  connected  wth  the 
porcelain  tube  : 

2CI2  +  SiOa  +  20  =  SiCl^  +  2C0. 

The  product  is  a  colourless  and  very  volatile  liquid,  of  relative 
density  1'524  at  0°,  boiling  at  50°,  and  having  a  pungent,  suffocating 
odour.  In  contact  with  water,  it  yields  hydrochloric  acid  and 
gelatinous  silica. 

Silicon  Hexchloride,  SigClg,  is  formed  when  the  tetrachloride  is 
passed  over  silicon,  heated  to  whiteness  in  a  porcelain  tube.  It  is  a 
colourless  liquid,  having  a  density  of  1'58  at  0°,  solidifying  at  —  1°, 
and  boiling  at  146° ;  vapour  density  9'7.  It  fumes  strongly  in  the 
air,  and  takes  fire  when  heated.  It  begins  to  decompose  at  350°, 
and  the  decomposition  goes  on  at  an  increasing  rate  till  the  tempera- 
ture rises  to  800°,  at  which  point  the  compound  is  completely 
resolved  into  the  tetrachloride  and  free  silicon :  2Si2Clg  =  SSiCl^ 
+  Si.  If,  however,  the  temperature  of  the  vapour  be  quickly  raised 
beyond  1000°,  no  such  decomj)Osition  takes  place. 

Silicon  Hydrotrichloride,  or  Silicic  Chloroform,  SiHCls  (chloro- 
form, CHCI3,  having  its  carbon  replaced  by  silicon),  is  obtained  by 
passing  dry  hydrogen  chloride  over  crystallised  siUcon,  heated  to  a 
temperature  below  redness  in  a  porcelain  tube.  It  is  a  very  volatile 
strong-smelling  liquid,  which  fumes  in  the  air  and  boils  at  42°.  It 
is  very  inflammable,  and  burns  with  a  green-edged  flame,  evolving 
white  clouds  of  silica.  It  is  readily  decomposed  by  water,  with 
precipitation  of  a  white  powder,  SigHgOg,  called  Silicofomiic  Anhy- 
dride, formed  as  shown  by  the  equation  :  2SiHCl3  +  SHjO  =  6HC1 
+  Si2H203.  This  body  is  very  unstable,  and  is  decomposed  by 
dilute  ammonia,  yielding  silicic  acid  and  hydrogen. 

With  bromine  and  iodine,  silicon  forms  compounds  analogous  in 
composition  to  the  chlorine-compounds,  and  prepared  by  similar 
methods : — 

SiBr4  is  a  colourless  heavy  liquid,  boiling  at  154°,  and  solidifying 
to  a  crystalline  mass  at  13°.  SioBr^  forms  large  crystalline  tablets, 
melts  when  heated,  and  distils  without  decomposition  at  240°. 
SiCljBr,  prepared  by  heating  silico-chloroform  with  bromine  at  100°, 
is  a  colourless  liquid,  boiling  at  80°. 

Sil^,  obtained  by  direct  combination,  crystallises  from  carbon 
sulphide  in  regular  octahedrons,  melts  at  1 20'5°,  and  boils  at  290°. 
It  takes  fire  when  heated  in  the  air,  burning  with  a  reddish  flame, 
and  is  decomposed  by  water,  with  formation  of  hydriodic  and  silicic 
acids.  Si.J„,  obtained  by  heating  the  tetra-iodide  with  finely-divided 
silver  at  280°,  crystallises  from  carbon  sulphide  in  splendid  colourless 
hexagonal  prisms  or  rhombohedrons,  which,  on  exposure  to  moist 
air,  are  converted  into  a  white  mass,  with  formation  of  silicic  and 
hydriodic  acids.  When  heated,  it  melts  and  is  reduced  to  a  lower 
iodide,  probably  Si2l4.  Ice-cold  water  decomposes  it,  with  formation 
of  a  Avbite  substance,  SijO^Hj,  called  dlico-ov:alic  a^nd,  fvojn  it3 
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analogy  to  oxalic  acid,  C2O4H2.  This  body  is  decomposed,  even  by 
weak  bases,  into  hydrogen  and  silica.  SiHIj,  formed  on  passing  a 
mixture  of  hydrogen  and  hydriodic  acid  over  silicon  heated  to  low- 
redness,  is  a  colourless  strongly  refracting  liquid,  having  a  density 
of  3-362  at  0°,  and  boiling  at  220°.  It  is  decomposed  by  water,  like 
silico-chloroform. 

Silicon  Tetrafluoride,  SiF^,  is  a  gaseous  compound,  formed 
whenever  dry  hydrofluoric  acid  comes  in  contact  witli  silica,  either 
free  or  combined,  and  is  easily  prepared  by  heating  white  sand  or 
pounded  glass  with  fluorspar  and  strong  sulphuric  acid  : 

2CaF2  +  2H2SO4  +  SiOg  =  SiF,  +  2CaS0,  +  SH.O. 

The  gas  may  be  collected  over  mercury.  It  is  colourless,  and  has 
a  density  3-57  (air  =  l),  or  52-2  (H  =  l).  It  fumes  strongly  in  the 
air,  has  a  highly  pungent  odour,  like  that  of  hydrochloric  acid,  and 
condenses  to  a  colourless  liquid  under  a  pressure  of  30  atmosjiheres, 
or  when  cooled  to  - 107°.  According  to  Natterer,  it  solidifies  at 
- 140°.  Fused  sodium  takes  fire  in  the  gas,  and  burns  with  a  red 
flame.  With  dry  ammonia-gas,  it  forms  a  white  crystalline  com- 
pound, SiF4,2NH3,  which  is  decomposed  by  water. 

snicofluoric  or  Hydrofluosilicic  Acid,  HjSiFg  or  SiF4,2HF,  is 
formed,  together  with  silicic  hydroxide  or  silicic  acid,  when  silicon 
tetrafluoride  comes  into  contact  with  water : 

SSiF^  +  4H2O  =  SHaSiFo  +  Si(0H)4. 

Experiment. — To  prepare  it,  silicon  tetrafluoride  obtained  as  above 
by  heating  the  materials  in  a  small  dry  flask,  is  passed  into  water 
through  a  tube,  the  lower 

end  of  which   dips  under  I'ig-  95- 

mercury,  as  shown  in  the 
annexed  figure ;  if  the  gas 
were  passed  immediately  into 
water  in  the  ordinary  way, 
the  tube  would  soon  be 
stopped  up  by  the  separated 
silica. 

To  obtain  the  acid,  the 
thick  jelly  is  pressed  through 
a  linen  filter,  and  the  filtrate 
is  concentrated  by  evapora- 
tion in  a  platinum  dish  at 
a  low  temperature.  The 
saturated  solution  is  a 
strongly  acid  fuming  liquid, 
which  decomposes  on  boiling  into  silicon  fluoride  and  hydrofluoric 
acid,  80  that  it  may  be  evaporated  in  platinum,  without  leaving 
any  residue. 
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Silicofluoric  acid  forms  salts  called  silicofliiorides,  having  the  com- 
position MgSiFg  or  M"SiFg  (M  denoting  a  univalent  and  M"  a 
bivalent  metal).  Some  of  these  are  easily  soluble  in  water,  but  the 
potassium,  sodium,  lithium,  barium,  and  calcium  salts  are  more  or 
less  sparingly  soluble.  By  prolonged  ignition,  they  are  resolved 
into  silicon  fluoride  and  a  metallic  fluoride  :  e.n.,  K.,SiF,.  =  SiF . 
-I-2KF.  ^       .  0 

Silicon  and  Oxygen. 

Silicon  Dioxide  or  Silica,  (SiOo)™,  the  only  oxide  of  silicon, 
constitutes,  either  alone  or  in  combination,  a  very  large  proportion 
of  the  crust  of  the  earth.  It  occurs  in  various  forms.  Quartz 
forms  crystals,  sometimes  very  large,  belonging  to  the  hexagonal 
system  and  usually  having  the  form  of  a  hexa,!:,'onal  prism  termin- 
ated by  pyramidal  summits  (see  Grystallographic  Systems).  Density, 
2  6.  The  transparent  colourless  variety  is  called  rock-crystal. 
Amethyst  quartz  has  a  violet  tint  due  to  traces  of  manganese  oxides. 
Other  varieties  are  known  as  milk-quartz,  rose-quartz,  and  smohj  qiuiiiz. 
Sand  and  sandstone  consist  of  an  impure  variety. — T rid}' mite 
is  another  hexagonal  variety  of  silica,  usually  forming  six-sided 
tables  having  their  horizontal  edges  truncated  by  pyramidal  faces  ; 
moreover,  the  crystals  usually  occur  in  twins  :  hence  the  name. 
Density,  2'3. — A  m  o  r  p  h  o  u  s  silica  occurs  as  Opal,  either  colour- 
less or  variously  colouretl,  and  having  a  density  somewhat  above  2. 
It  contains  water,  varying  in  amount  from  0"1  to  12"9  per  cent. 
Ghalcedomj,  agate,  and  flint  are  intimate  mixtures^of  amorphous  silica 
with  quartz  or  tridymite. 

Hydratecl  Amorphous  Silica  is  formed  as  already  mentioned  (p.  216) 
by  passing  silicon  tetrafluoride  into  water.  The  gelatinous  mass 
washed  with  water,  dried,  and  ignited,  yields  pure  silica  in  the  form 
of  a  white  mobile  powder. 

Experiment. — Amorphous  silica  may  also  be  j^repared  by  decora- 
posing  a  silicate  of  alkali-metal  with  an  acid.  Powdered  quartz  or 
tine  white  sand  is  mixed  with  about  three  times  its  weight  of  dry 
sodium  carbonate,  the  mixture  is  fused  in  a  platinum  crucible,  and 
the  glassy  mass  when  cold  is  boiled  with  water,  by  which  it  is 
softened,  and  almost  entirely  dissolved.  The  liquid  is  then  liltered, 
an  excess  of  hydrochloric  acid  is  added,  and  the  whole  is  evaporated 
to  complete  dryness.  By  this  treatment  the  gelatinous  silica  thrown 
down  by  the  acid  becomes  completely  insoluble,  and  remains  behind 
when  the  dry  saline  mass  is  treated  with  acidulated  water,  by  which 
the  alkaline  salts,  alumina,  ferric  oxide,  lime,  and  many  other  bodies 
which  may  happen  to  be  present,  are  removed.  The  silica  is  washed, 
dried,  and  heated  to  redness. 

Silica  thus  preimred  is  a  very  fine,  white,  tasteless  powder,  having 
a  density  of  about  2-66,  fusible  only  by  the  o.\y hydrogen  blow-pipe. 
When  once  dried,  it  is  not  sensibly  soluble  in  water  or  dilute  acids, 
■with  the  exception  of  hydrofluoric  acid.     But  on  adding  hydroT 
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chloric  acid  to  a  very  dilute  solution  of  potassium  silicate,  the  silica 
remains  in  solution,  probably  in  the  form  of  silicic  acid.  From  this 
mixed  solution  of  silica  and  potassium  chloride,  the  latter  may  be 
separated  by  diffusion  (see  p.  86),  whereby  a  moderately  concentrated 
solution  of  silica  in  water  is  obtained.  This  solution  has  a  distinctly 
acid  reaction  ;  it  presents,  however,  but  little  stability.  When  kept 
for  some  time,  it  gelatinises,  the  silica  separating  in  the  insoluble 
modification.  The  same  effect  is  produced  by  the  addition  of  a  few 
drops  of  sidphuric  or  nitric  acid,  or  of  a  solution  of  salt. 

Silica  is  essentially  an  acid  anhydride,  forming  salts  with  basic 
metallic  oxides,  and  expelling  the  anhydrides  from  nearly  all  salts 
when  heated  with  them.  In  strong  alkaline  liquids  it  is  freely 
soluble.  The  majority  of  silicates  are  insoluble  in  water  ;  the 
silicates  of  the  alkalis  even  are  not  dissolved,  unless  they  contain  a 
relatively  large  proiDortion  of  the  alkaline  oxide.  An  alkaline 
sodium  silicate  is  manufactured  under  the  name  of  "  Soluble  Glass." 
Common  glass  is  a  mixture  of  several  silicates,  in  which  the  reverse 
of  this  happens,  the  silica  being  in  excess.  Glass,  however,  is 
slowly  acted  upon  by  water. 

The  molecular  weight  of  silica  is  unknown,  but  its  non-volatility, 
high  melting-point,  and  insolubility  in  water  and  all  solvents,  indi- 
cate that  it  probably  possesses  a  somewhat  complex  structure. 

Silicic  Acids  are  unknown,  but  the  solution  obtained  by  diffusion, 
as  just  described,  may  be  supposed  to  contain  one  of  these 
substances.  The  composition  of  known  silicates,  and  tlie  com- 
position and  character  of  the  fluoride  and  chloride  of  silicon,  hvad 
to  the  inference  that  orthosilicic  acid  must  be  expressed  by  the 
formula : 

H^SiO^  or  2H30.Si02 . 

From  this  compound,  by  loss  of  successive  portions  of  water,  other 
acids  may  be  derived  thus  : 

2H4Si04  -  HgO  =  HgSip^  or  3H20.2Si02 ; 

2H<Si04  -  2H2O  =  BiSi^Og  or  2H20.2Si02 ; 

2H4SiO^  -  3H2O  =  HaSiaOj  or  H2b.2Si02. 

Examples  of  silicates  will  be  found  among  the  compounds  of  the 
metals,  especially  calcium,  magnesium,  aluminium,  etc.  Some  of 
these  seem  to  be  derived  from  formulas  like  those  given  above  ; 
others,  however,  belong  to  more  complex  types,  which  are  very 
difficult  to  classify. 

Silicon  and  Sulphue. 

Silicon  Bisulphide,  SiSg,  obtained  hy  passing  the  vapour  of 
carbon  bisulphide  over  a  strongly  heated  mixture  of  silica  and 
carbon,  such  as  is  used  in  the  preparation  of  silicon  tetrachloride 
(p.  215),  forms  long  silky  needles  which  are  decomposed  by  water 
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yielding  hydrogen  sulphide  and  silica.  The  monosulphide,  SiS,  and 
an  oxysulphide,  probably  SiSO,  are  formed,  together  with  other 
products,  when  suliihur-vapour  is  passed  over  white-hot  silicon. 
The  former  is  yellow,  the  latter  yellowish,  and  both  are  volatile  and 
condense  in  the  cooler,  but  still  hot  part  of  the  tube. 

Silicon  Chlorhydrosulphide,  SiCl3SH,  is  formed  by  passing  a 
mixture  of  hydrogen  sulphide  and  vapour  of  silicon  tetrachloride 
through  a  red-hot  tube  :  SiCL  -f  HgS  =  HCl  +  SiClaSH.  It  is  a 
colourless  fuming  liquid  boiling  at  96°.  Vapour-density  =  5*78 
(air  =  1). 

Silicon  and  Nitrogen. 

A  silicon  nitride  of  unknown  composition  is  formed  by  the  action 
of  ammonia  on  the  tetrachloride,  also  when  crystallised  silicon  is 
strongly  heated  in  nitrogen  gas.  It  is  a  white  amorphous  powder 
insoluble  in  all  acids  except  hydrofluoric  acid,  by  which  it  is  con- 
verted into  ammonium  sUicofluoride.  By  heating  with  potash  it  is 
converted  into  ammonia  and  potassium  silicate. 


B  0  B  0  N. 

Symbol,  B.    Atomic  weight,  11. 

This  element  is  not  found  in  nature  in  the  free  state,  but  occurs 
somewhat  abundantly  in  the  form  of  boric  acid,  B(0H)3,  and  some 
of  its  salts. 

Pure  boron  is  prepared  by  heating  boric  oxide,  BgOj,  or  potassium 
borofluoride,  with  metallic  potassium  in  an  iron  tube,  and  washing 
out  the  soluble  salts  with  water.  As  thus  obtained,  it  is  a  dark 
brown  amorphous  powder  destitute  of  taste  and  smell.  It  burns  in 
the  air  when  heated,  producing  the  trioxide,  and  is  readily  attacked 
by  chlorine,  nitric  acid,  fused  alkalis,  and  other  reagents. 

Wohler  and  Deville,  in  1858,  by  strongly  igniting  boric  oxide  with 
aluminium,  in  a  crucible  surrounded  with  powdered  charcoal  to  pre- 
vent access  of  oxygen,  obtained  very  hard  transparent  octahedral 
crystals  and  a  graphite-like  substance,  which  they  regarded  as  modifi- 
cations of  boron  analogous  to  the  diamond  and  graphite  varieties 
of  carbon  :  but  subsequent  observations  have  shown  that  the  octa- 
hedral crystals  contained  both  carbon  and  aluminium  in  the  propor- 
tions indicated  by  the  formula  B4>jC.2Al3,  and  that  the  graphite-like 
substance  was  a  boride  of  aluminium  having  the  composition,  AIB2. 

Boron  Hydride,  BH3,  has  not  been  obtained  free  from  excess  of 
hydrogen.    A  crude  magnesium  boride  is  first  formed  by  heating 
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together  boron  trioxide  and  excess  of  magnesium  powder  ;  when 
this  is  treated  with  hydrochloric  acid,  hydrogen  is  evolved  accom- 
panied by  a  small  quantity  of  a  gas  of  disagreeable  odour.  This  gas 
burns  with  a  bright  green  liame,  and  is  decomposed  on  passing 
through  a  heated  tube  into  boron  and  hydrogen. 

Halogen-Compounds  of  Boron. 

Boron  Chloride,  BCI3,  is  most  readily  obtained  by  passing  dry 
chlorine  over  a  strongly  heated  mixture  of  boric  oxide  and  charcoal, 
whereupon  it  passes  over  in  vapour,  together  with  gaseous  carbon 
monoxide,  and  may  be  condensed  to  a  liquid  by  passing  it  through 
a  tube  cooled  by  a  freezing  mixture.  It  may  be  freed  from  excess 
of  chlorine  by  agitation  with  mercury  and  subsequent  distillation. 
It  may  also  be  prepared  by  heating  finely  powdered  boric  oxide 
with  twice  its  weight  of  phosphoric  chloride  for  three  days  in  a  sealed 
tube  at  150°,  and  subsequently  distilling  the  product  at  the  tempera- 
ture of  a  water -bath.  It  is  a  liquid  of  density  r35  at  17°,  and  boiling 
at  18"23°.  It  is  decomposed  by  water  into  liydrochloric  and  boric 
acids,  and  fumes  strongly  in  the  air.  Heated  with  sulphuric  anhydride 
in  a  sealed  tube  at  120°,  it  yields  boric  oxide  and  sulphuryl  chloride  : 
3S03-}-2BCl3=B203-F3S02Cl2.  It  unites  with  ammonia,  forming  a 
white  crystalline  body,  having  the  composition  2BCl3,3NH3. 

Boron  Bromide,  BBrg,  obtained  by  direct  combination  of  its 
elements,  or  by  passing  bromine-vapour  over  a  heated  mixture  of 
charcoal  and  boric  oxide,  is  a  colourless  strongly  fuming  liquid, 
having  a  density  of  2  69  and  boiling  at  90'5.  With  water  and  with 
ammonia  it  reacts  like  the  chloride. 

Boron  Fluoride,  BF3,  is  prepared  by  heating  a  mixture  of  1  part 
boric  acid  and  2  parts  fluorspar  with  12  parts  strong  sulphuric  acid  : 

2H3BO3  +  3CaF2  -f  SHaSO^  =  2BF3  +  SCaSO^  +  6H2O  ; 

also  by  heating  a  mixture  of  potassium  borofluoride  and  boric  oxide 
with  sulphuric  acid  ; 

6KBF4  +  B2O3  +  6H2SO4  ==  8BF3  +  GKHSO^  -f  3H2O. 

It  is  a  colourless  gas,  having  an  extremely  pungent  odour  and  a 
density  2-37  referred  to  air,  or  34-25  referred  to  Iiydrogen  ;  it  does 
not  attack  glass.  It  is  decomposed  by  water,  and  must  therefore  be 
collected  over  mercury  or  by  displacement  of  air. 

Potassium  and  sodium  burn  brilliantly  when  heated  in  it.  From 
luany  organic  substances  it  withdraws  the  elements  of  water,  carbon- 
ising them  at  the  same  time  like  strong  suli^huric  acid. 

With  ati  equal  volume  of  ammonia  it  forms  the  compound 
BFjNHj,  which  is  a  white  opaque  solid,  sublimable  witliout  altera- 
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tion.  With  2  or  3  volumes  of  ammonia  to  1  volume  of  BF,,  colour- 
less liquids  are  formed  having  respectively  the  formulae  BF3(NH3)2 
and  BF3(NH3)3.  These  liquids  when  heated  give  off  ammonia  and 
are  converted  into  the  solid  compound. 

Fluohoric  acid,  HBF^,  is  formed  together  with  boric  acid,  when 
boron  fluoride  is  brought  in  contact  with  excess  of  water :  4BF3  + 
3H20  =  3HBF^+B(OH)3,  also  when  aqueous  hydrofluoric  acid  is 
saturated  with  boric  acid.  It  is  a  monobasic  acid,  forming  with 
bases  a  series  of  salts  called  fluobcridcs  or  borofliiorides,  which  are  also 
produced,  together  with  an  alkaline  hydroxide,  or  free  alkali,  on 
mixing  an  acid  fluoride  of  potassium  or  sodium  with  boric  acid  : 
B(OH)3  +  2NaHF.2  =  NaBF4  +  NaOH  +  2H20.  This  process  exhibits 
the  peculiar  result  of  the  formation  of  a  liquid  having  an  alkaline 
reaction  by  the  mixing  of  two  acid  liquids.  The  fluoborides  are 
mostly  soluble  in  water  and  crystalline.  When  heated  they  are 
resolved  into  gaseous  boron  fluoride  and  a  metallic  fluoride. 

One  volume  of  water  absorbs  upwards  of  1000  volumes  of  boron 
fluoride,  with  great  rise  of  temperature  and  formation  of  a  fuming 
oily  liquid,  which  has  a  density  of  1'77,  and  cauterises  like  strong 
sulphuric  acid.  When  heated  it  gives  off  about  a  fifth  of  the 
absorbed  gas,  leaving  a  liqiiid  which  has  nearly  the  composition 
BFj.HgO  or  2BF3.3H2O,  and  boils  at  165°-200°,  with  partial  decom- 
position and  formation  of  boric  acid. 

The  composition  of  this  liquid  is  very  doubtful.  It  is  not  improb- 
able that  it  contains  an  oxyfluoride  associated  with  hydrogen  fluoride, 
BF3-l-H20  =  BOF  +  2HF.  It  seems  unliicely  that  it  contains  any 
considerable  amount  of  boric  acid,  which,  on  account  of  its  compara- 
tively slight  solubility,  might  be  expected  to  crystallise  out. 

Boron  and  Oxygen — There  is  but  one  oxide  of  boron,  viz.,  the 

irioxide  B2O3,  which  unites  with  water  and  metallic  oxides,  forming 
boric  acid  and  the  metallic  borates. 

Boric  or  Boracic  Acid,  or  Hydrogen  Borate,  B(0E[)3  or 
SHjOjBgOg,  is  found  in  solution  in  the  hot  lagoons  of  Tuscany, 
which  yield  a  large  supjily  of  it.  It  is  easily  prepared  by  decom- 
posing with  sulphuric  acid  a  hot  solution  of  borax,  which  is  a  borate 
of  sodium,  occurring  abundantly  in  the  salt  lakes  of  India,  Thibet, 
and  other  parts  of  Asia,  also  in  the  United  States  of  America. 

Boric  acid  crystallises  in  transparent  six-sided  plates,  soluble  in 
about  25  parts  of  cold  water,  much  more  soluble  in  boiling  water. 
It  has  but  little  taste,  and  differs  considerably  from  the  stronger 
acids  in  its  action  on  vegetable  colours,  imparting  to  blue  litmus 
paper  only  a  wine-red  colour,  like  that  produced  by  carbonic  acid,  and 
to  turmeric  paper  a  brown  colour,  like  that  produced  by  alkalis,  but 
easily  distinguished  therefrom  by  the  fact  of  its  not  disappearing  on 
the  addition  of  an  acid. 

The  crystallised  acid,  Avhen  heated,  gives  up  its  water  and  melts, 
with  great  frothing,  to  a  glassy  transparent  mass  of  boric  oxide, 


fiALOQEN-edMPOtfNbS  OF  BORON. 


223 


wliicii  readily  dissolves  many  metallic  oxides,  with  very  character- 
istic colours,  e.g.,  deep  blue  with  oxide  of  cobalt,  amethyst  with 
manganese,  bright  green  with  chromium,  etc.  The  crystallised  acid 
dissolves  in  alcohol,  and  the  solution  burns  with  a  green  iiame. 

Glassy  boric  oxide  in  a,  state  of  fusion  requires  lor  its  dissipation 
in  vapour  a  very  intense  and  long-continued  heat ;  the  aqueous 
solution  cannot,  however,  be  evaporated  without  very  appreciable 
loss  by  volatilisation  :  hence  it  is  probable  that  the  acid  is  far  more 
volatile  than  the  anhydrous  oxide. 

Boric  acid  is  susceptible  of  modifications  analogous  to  those  of 
phosphoric  acid  (p.  180),  and  forming  corresponding  salts.  The 
acid  B(0H)3  or  BjOjjSHgO,  above  described,  which  is  analogous  in 
constitution  to  the  chloride,  fluoride,  etc.,  of  boron,  is  distinguished  as 
orthoboric  acid.  This  acid,  heated  at  100°,  gives  off  water, 
and  is  reduced  to  metaboric  acid,  BgOj-HgO  or  BO(OH),  which 
is  a  white  powder,  volatilising  slowly,  but  completely,  at  the  same 
temperature.  Lastly,  when  orthoboric  acid  is  heated  for  a  long  time 
at  140°,  it  gives  otf  jnore  water,  leaving  pyroboric  acid, 
2B2O3.H2O  or  B40g(OH).2,  in  the  form  of  a  brittle  vitreous  mass. 

The  borates  are  usually  somewhat  complicated,  owing  to  the 
tendency  of  the  normal  salts  to  unite  with  the  elements  of  boron 
trioxide  or  of  boric  acid.  Common  borax  is  reiDresented  by  the 
formula  NagB^O^.lOHgO.  This  may  be  represented  as  made  up  of 
sodium  metaborate,  NaB02,  with  boron  trioxide  and  water  of  crystal- 
lisation, thus  : 

2NaBO2.B2O3l0H2O . 

Or  it  may  be  regarded  as  a  compound  of  sodium  metaborate,  with 
metaboric  acid  and  water  : 

2(NaB02.HB02)9H20. 

Lastly,  it  may  be  represented  as  a  salt  of  pyroboric  acid,  (HO)2B405. 

Boron  Trisulphide,  BjSg,  is  formed  by  heating  boron  in  sulphur- 
vapour,  but  is  more  readily  prepared  by  heating  an  intimate  mixture 
of  lamp-black  and  boric  oxide  in  vapour  of  carbon  bisulphide  ; 
3CS2  +  3C-l-2B203  =  2B2S3-f  6C0.  This  process  yields  it  for  the 
most  part  as  a  white  glassy  fusible  mass,  but  sometimes  in  silky 
needles.  It  has  a  pungent  odour  and  attacks  the  eyes  ;  it  melts  when 
heated,  and  may  be  distilled  in  a  current  of  hydrogen  sulphide. 
"Water  decomposes  it  immediately,  forming  boric  acid  and  hyclrogen 
sulphide  :  BgSg  -f-  GHgO  =  .3H2S  +  2B(OH)3. 

This  compound  is  sometimes  supposed  to  be  the  source  of  the  boric 
acid  of  the  Tuscan  lagoons,  froiu  which  hydrogen  sulphide  com- 
monly escapes. 

Boron  Nitride,  BN  or  B3N3,  is  produced  by  heating  boric  oxide 
with  metallic  cyanides,  or  by  lieating  to  bright  redness  a  mixture  of 
sal-ammoniac  and  pure  anhydrous  borax,  Na20.2B203  : 

Na20.2B203  +  2NH,Cl  =  2BN  +  B^Og  +  2NaCl  -|-  4HjjO, 
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It  is  a  white  ainorjDhous  powder,  insoluble  in  water,  infusible 
and  non-volatile.  When  heated  in  a  current  of  steam,  it  yields 
ammonia  and  boric  oxide  :  2BN-f3H20  =  2NH3+ B2O3,  and  likewise 
gives  off  a  large  quantity  of  ammonia  when  fused  with  potash.  It 
dissolves  slowly  in  hvdroiluoric  acid,  forming  ammonium  fiuoborate  : 
BN  +  4HF=(NH4)BF^. 


OZONE  OR  ACTIVE  OXYGEN. 


It  has  long  been  known  that  dry  oxygen  or  atmospheric  air, 
when  exposed  to  the  action  of  a  series  of  electric  sparks,  emits  a 
peculiar  and  somewhat  metallic  odour,  which  may  also  be  imparted 
to  moist  oxygen  by  allowing  phosphorus  to  remain  in  it  for  some 
time,  and  by  several  other  processes.  This  odorous  principle  also 
possesses  several  properties  not  exhibited  by  oxygen  in  its  ordinary 
state,  one  of  the  most  characteristic  being  the  liberation  of  iodine 
from  potassium  iodide.  It  has  been  the  subject  of  many  researches, 
in  the  first  place  by  Schonbein  of  Basle,  who  believed  that  common 
oxygen  was  capable  of  assuming  two  oppositely  electrical  states, 
in  both  of  which  it  exhibited  great  chemical  activity.  One  of  these 
he  called  ozoae,*  the  other  antozone.  Subseqiient  experiments  led 
to  the  assumption  that  ozone  consisted  of  a  peroxide  of  hydrogen. 
The  experiments  of  Andrews  and  Tait  in  1860,  however,  showed 
that  ozone  was  formed  by  the  action  of  the  discharge  upon  perfectly 
pure  oxygen,  and  that  during  the  process  a  contraction  of  volume 
occurred.  Owing,  however,  to  the  impossibility  of  obtaining  ozone 
apart  from  a  relatively  large  volume  of  unchanged  oxygen,  it  was 
many  years  before  the  exact  relation  of  ozone  to  common  oxygen 
was  established.  It  was,  however,  finally  shown,  on  the  basis  of 
experiments  made  by  Soret  in  1865-7,  and  laore  especially  as  the 
result  of  elaborate  study  by  Brodie  in  1872,  that  two  volumes  of 
ozone  consist  of  the  same  matter  as  three  volumes  of  ordinary 
oxygen  ;  and  hence  that  the  molecule  of  ozone  must  be  expressed 
by  the  formula  O3,  when  that  of  oxygen  is  0,.  There  appears  to  be 
no  second  modification  of  oxygen  corresponding  to  Schonbein's 
"  antozone." 

An  easy  way  of  preparing  ozone  is  to  subject  ordinary  oxygen  to 
the  action  of  the  silent  electric  discharge.  For  this  purpose  a  stream 
of  the  gas  is  passed  through  a  tube  into  which  is  sealed  a  pair  of 
very  finely-pointed  platinum  wires  with  their  points  at  a  little  dis- 
stance  apart,  one  being  connected  with  an  electrical  machine,  and  the 
other  with  the  ground.  No  sparks  must  be  allowed  to  pass,  as  in  that 
case  a  considerable  portion  of  tlie  ozone  would  be  reconverted  into 
ordinary  oxygen.    A  more  convenient  form  of  apparatus  is  provided 


*  From  6^w,  to  have  a  smell. 


OZONE. 


225 


in  Siemens'  so-called  induction  tube  (fig.  96).  This  consists  of  a 
sort  of  Leyden-jar,  formed  of  a  smootli  metal  tube  which  fits  into  a 
wider  tube  coated  with  tin-foil  on  its  outer  surface,  leaving  a  narrow 
annular  sjjace  between  them.  Between  the  two  tubes  a  stream  of 
pure  dry  oxygen  is  passed,  which,  when  the  inner  and  outer  coatings 
are  connected  with  terminal  wires  of  an  induction-coil,  becomes  elec- 
trified by  induction.  By  this  means  from  10  to  15  per  cent,  of  the 
oxygen  may  be  converted  into  ozone. 

Ozone  is  also  produced  in  small  quantity  by  suspending  a  stick  of 
phosphorus  in  a  bottle  filled  with  moist  air.  It  is  also  formed  in  the 
electrolytic  decomposition  of  water,  especially  when  the  electrodes 
consist  of  short  pieces  of  very  thin  platinum  wire,  the  proportion  of 
ozone  in  the  liberated  oxygen  then  amounting  to  nearly  one-fifth  of 
its  volume.  The  action  of  strong  si;lphuric  acid  on  potassium  per- 
manganate also  yields  ozonised  oxygen. 

Ozone  is  but  slightly  soluble  in  water  and  in  solutions  of  acids  or 
alkalis.    Air  charged  with  it  exerts  an  irritating  action  on  the  lungs. 

Fig.  96. 


It  is  decomposed  by  heat  gradually  at  100°,  instantly  at  290°.  It  is 
an  extremely  powerful  oxidising  agent,  possesses  strong  bleaching  and 
disinfecting  powers ;  corrodes  cork,  caoutchouc,  and  other  organic 
substances ;  oxidises  iron,  copper,  and  even  silver  when  moist,  as 
well  as  dry  mercury  and  iodine.  Paper  moistened  with  a  mixture 
of  starch  and  potassium  iodide  is  instantly  turned  blue  when  exposed 
to  its  action.  When  paper  thus  prepared  is  exposed  to  the  open  air 
for  five  to  ten  minutes,  it  often  acquires  a  blue  tint,  varying  in 
intensity  at  different  times.  Hence  it  is  supposed  that  ozone  is 
present  in  the  air  in  variable  quantity. 

The  constitution  of  ozone  has  been  determined  by  reference  to  the 
following  facts  : — 

1.  Ozone  exposed  to  an  electric  discharge  contracts,  and  the  con- 
traction can  be  measured. 

2.  Ozone  is  entirely  absorbed  by  solution  of  thiosulphate  of  sodium 
and  by  turpentine,  and  the  diminution  of  volume  which  results  cau 
be  measured. 

VOL.  I.  p 
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Fig.  97. 


It  ia  found  that  the  contraction  which  ensues  upon  electrisation  of 
oxygen  is  to  the  subsequent  contraction  produced  by  contact  of  the 
ozouised  gas  with  the  reagent  in  the  ratio  of  1  to  2.  Hence  three 
volumes  of  common  oxygen  produce  two  volumes  of  ozone. 

3.  When  potassium  iodide  is  acted  upon  by  ozone  iodine  is  liberated, 
but  the  volume  of  the  gas  remains  unchanged.  This  is  explained  by 
the  following  equation  which  assumes  the  ratio  established  by  2  : 

2K1  +  03  =  K2O  +  I2  +  O2. 

These  facts  may  be  demonstrated  by  the  use  of  the  apparatiis  repre- 
sented in  the  accompanying  figure  97. 

A  thin  glass  tube,  open  at  the  top,  is  sealed  into  a  somewhat  wider 
tube  which  is  provided  with  an  inlet  for  admission  of  gas  and  an 

exit,  which  is  attached  to  a  U-shaped 
gauge.  The  apparatus  is  immersed 
in  water  mixed  with  ice,  the  inner  tube 
is  filled  with  dilute  sulphuric  acid  and 
the  gauge  is  supplied  with  a  short 
column  of  strong  sulphuric  acid,  by 
which  any  alteration  in  the  volume 
of  the  enclosed  gas  is  indicated.  Pure 
oxygen  is  i^assed  through  the  apparatus 
till  the  air  is  expelled,  the  inlet  tap 
is  closed,  and  the  level  of  the  sulphuric 
acid  in  the  gauge  marked  off.  On 
dipping  into  the  ice  water  on  the 
outside  one  of  the  terminal  wires  from 
a  Rhumkorff  coil,  and  into  the  acid 
water  in  the  inner  tube  the  other 
terminal,  and  working  the  coil,  the 
gas  is  electrified  and  contraction  is  at 
once  indicated  by  the  gauge.  If  it  is 
desired  to  bring  a  reagent,  such  as 

  turpentine,  into  contact  Avith  the  gas, 

'  the  level  of  the  liquid  is  observed 

and  the  hollow  stopj^er  at  the  top 
previously  charged  Avith  a  few  drops  of  the  liquid  is  turned  so  as  to 
allow  it  to  run  down  into  the  space  occupied  by  the  gas.  A  further 
contraction  then  occurs,  which  may  be  measured  and  compared  with 
the  first.  If  the  apparatus  is  kept  immersed  in  the  ice  water,  the 
temperature  remains  constant  throughout  the  exi^erimeut. 


HYDROGEN  DIOXIDE. 

This  compound  is  formed  in  a  variety  of  ways,  for  example, 
in  minute  quantity  during  the  combustion  of  hydrogen  in  the  air, 
and  during  the  oxidation  of  several  organic  substances,  such  as  ether 
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or  turpentine  oil,  in  the  presence  of  air  and  water.  It  is,  however, 
always  prepared  for  experimental  or  practical  purposes  by  decom- 
position of  the  peroxide  of  barium  or  sodium  by  an  acid  : 

BaOo  +  2HC1  =  BaCla  +  HaO, 

or 

NaA  +  2HC1  =  2NaCl  +  HgOg. 

In  order  to  obtain  hydrogen  dioxide  in  a  pure  state,  the  barium 
compound  is  mixed  with  a  little  water  and  gradually  added  to  the 
acid,  taking  care  that  the  temperature  is  not  allowed  to  rise.  When 
a  sufficiently  strong  solution  has  been  obtained,  the  barium  is  pre- 
cipitated by  the  addition  of  the  requisite  quantity  of  dilute  sulphuric 
acid.  This  leaves  hydrochloric  acid  in  the  solution,  and  to  remove 
it  the  liquid  is  shaken  up  with  sufficient  silver  sulphate,  whereby 
silver  chloride  is  precipitated,  and  sulphuric  acid  remains  in  the 
liquid.  To  withdraw  the  sulphuric  acid,  pure  barium  hydrate  mixed 
into  a  i^aste  with  water  is  gradually  added  to  the  liquid,  the  last 
portions  being  precipitated  by  addition  of  baryta  solution. 
Throughout  all  these  operations  the  liquid  must  be  kept  at  a  low 
temperature.  After  [removing  the  successive  precipitates  by  filtration, 
the  solution  may  be  concentrated  by  evaporation  over  sulphuric  acid 
in  a  vacuum. 

Hydrogen  dioxide  is  a  colourless  syrupy  liquid,  which  may  be 
concentrated  till  it  attains  a  specific  gravity  1-45.  In  this  state  it 
decomposes  very  easily,  the  least  rise  of  temperature  causing  effer- 
vescence, due  to  the  escape  of  oxygen  gas ;  near  100°  it  is  decom- 
posed with  explosive  violence.  The  dilute  aqueous  solution  is, 
however,  much  more  stable,  and  is  prepared  as  an  article  of  com- 
merce.   It  possesses  powerful  oxidising  and  bleaching  proiDerties. 

Its  oxidising  action  may  be  exhibited  by  adding  a  few  drops  to  a 
solution  of  indigo-blue  and  warming  the  mixture,  when  the  colour 
soon  disappears.  Added  to  a  ferrous  salt  in  the  presence  of  an  acid, 
it  converts  it  into  the  corresponding  ferric  salt.  A  piece  of  paper 
smeared  with  precipitated  lead  sulphide,  PbS  (black),  is  bleached,  if 
wetted  with  hydrogen  dioxide,  in  consequence  of  the  oxidation  of 
the  sulphide  to  sulphate,  PbSO,,  (white).  Hydrogen  dioxide  is 
sometimes  used  for  bleaching  hair  and  for  cleaning  old  oil  paintings, 
the  surface  of  which  may  have  become  discoloured  by  the  formation 
of  lead  sulphide. 

Hydrogen  dioxide  exhibits  a  remarkable  reaction  with  certain 
easily  reducible  metallic  oxides,  the  metal  being  reduced,  and  free 
oxygen  evolved ;  e.g.,  with  silver  oxide  : 

Ag,0  +  HA  =         -f  H,p  +  O2. 

It  destroys  ozone,  both  substances  yielding  oxygen  : 

HA  +03  =  11,0  +  2O2. 

These  reactions  will  be  further  discussed  hereafter. 
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It  also  decomposes  permanganic  acid,  and  a  solution  of  this  com- 
pound, acidified  with  sulphuric  acid,  forms  one  of  the  best  tests  for 
the  presence  of  hydrogen  dioxide — the  disappearance  of  the  purple 
colour  of  the  liquid  and  the  effervescence  due  to  escaping  oxygen 
being  very  characteristic  : 

HaMnsOg  +  2H2SO4  +  5H2O2  =  2MnS04  +  SHgO  +  5O2. 

Perhaps  the  most  delicate  and  characteristic  reaction  of  all  is  the 
production  of  a  deep  blue  compound  when  added  to  a  solution  of 
chromic  acid  acidified  with  sulphuric  acid.  For  the  detection  of 
minute  quantities  of  the  dioxide,  the  liquid  to  be  tested  should  be 
first  shaken  with  ether,  which  dissolves  the  dioxide  freely.  If  this 
ethereal  liquid  is  then  separated  from  the  water  and  shaken  with  a 
few  drops  of  chromic  acid  acidified  with  sulphuric  acid,  the  ethereal 
solution  will  assume  a  more  or  less  decided  blue  colour. 

Hydrogen  dioxide  is  a  powerful  antiseptic  and  disinfectant,  and 
for  the  sake  of  these  properties,  and  for  use  in  bleaching  hair  and 
other  purposes,  considerable  quantities  are  now  manufactured  in  the 
form  of  a  dilute  solution  by  dissolving  sodium  peroxide  in  a  slight 
excess  of  dilute  hydrochloric  acid. 

It  is  remarkable  that  hydrogen  peroxide  is  tolerably  stable  in  the 
presence  of  excess  of  various  mineral  acids,  but  undergoes  somewhat 
rapid  decomposition  when  mixed  with  an  alkali. 


Symbol,  A.    Atomic  or  molecular  weight,  39  88.    Density,  19"94. 

Argon  is  a  colourless,  tasteless,  inodorous  gas,  distinguished  by 
its  remarkable  chemical  inertness.  It  Avas  discovered  by  Lord 
Eayleigh  and  Professor  Eamsay  in  1894  in  atmospheric  air,  of  which 
it  is  a  constituent  to  the  extent  of  about  1  per  cent,  by  volume. 

Lord  Rayleigh's  attention  was  in  the  first  instance  attracted  by  the 
apparently  inexplicable  fact  that  nitrogen  gas  when  derived  from 
atmospheric  air  was  invariably  heavier  than  nitrogen  obtained  by 
the  decomposition  of  some  chemical  compound.  A  certain  globe 
used  in  these  experiments  was  found  to  hold  the  following  quantities 
of  the  gas  obtained  from  different  sources  : — 


ARGON. 


Chemical  Nitrogen. 

From  Nitric  oxide, . 
„  Nitrous  oxide, 
„    Ammonium  nitrite, 

Atmosplienc  Nitrogen. 
Oxygen  absorbed  by  copper,  , 


2-3001 
2-2990 
2-2987 


2-3103 
2-3100 
2-3102 


„  ferrous  hydrate, 
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These  results  correspond  to  the  following  weights  for  1  litre  of 
the  gas : — 

Chemical  nitrogen,     .       .       1"2511  gram. 
Atmospheric  nitrogen,       .       1*2572  „ 

This  discrepancy  was  in  the  first  instance  attributed  to  impurity 
in  the  gas  from  chemical  sources  ;  subsequently  it  was  discovered 
that  the  gas  supposed  to  consist  wholly  of  nitrogen,  left  when  the 
oxygen  is  withdrawn  from  air,  contains  a  small  quantity  of  a  new 
gas.  It  was  found  by  Cavendish,  in  the  middle  of  the  last  century, 
that  when  air  confined  over  a  solution  of  caustic  potash  is  exposed 
to  the  action  of  a  series  of  electric  sparks,  the  oxygen  enters  into 
union  with  the  nitrogen,  forming  an  oxide  which  is  absorbed  by  the 
alkali  with  prodiiction  of  nitrate,  and  that  if  additional  oxygen  is 
supplied  while  the  sparking  is  continued,  the  whole  of  the  gas  may 
be  ultimately  absorbed  with  the  exception  of  a  small  quantity  which 
"  we  may  safely  conclude  is  not  more  than  -^^jj  part  of  the  whole." 
(Cavendish.) 

This  residue,  which  Cavendish  was  unable  to  examine  further, 
doubtless  consisted  chiefly  of  argon.  The  sparking  process,  however, 
is  comparatively  slow  even  with  the  use  of  the  induction  coil,  a  kind 
of  apparatus  which  was,  of  course,  unknown  to  Cavendish.  It  has 
been  found  more  convenient  to  take  advantage  of  the  fact  that 
metallic  magnesium  at  a  red  heat  absorbs  nitrogen,  forming  a  solid 
compound,  Mg3N2.  To  obtain  argon  from  atmospheric  air,  therefore, 
the  gas  is  caused  to  pass  through  soda-lime  and  phosphoric  oxide  to 
absorb  carbon  dioxide  and  water,  then  through  red-hot  spongy  copper, 
whereby  the  oxygen  is  removed  in  the  form  of  solid  cupric  oxide, 
and  lastly,  through  a  considerable  length  of  tube  filled  with 
magnesium  powder  and  heated  to  bright  redness.  The  removal  of 
the  last  portions  of  nitrogen  from  the  residual  argon  is  rather 
difficult  whichever  method  is  adopted. 

The  density  of  argon  is  19'94.  100  volumes  of  water  dissolve 
3-94  vols,  of  the  gas  at  12° ;  it  has  therefore  nearly  the  same  solubility 
as  oxygen.  Argon  has  been  both  liquefied  and  solidified.  Its  boil- 
ing point  is  - 187°,  and  the  crystals  melt  at  -  189-6°.  Argon  gives 
two  distinct  spectra  when  subjected  to  the  electric  discharge  under 
reduced  pressure.  When  the  pressure  is  equal  to  about  3  mm.  of 
mercury  the  gas  gives  a  red  light,  when  the  pressure  is  further 
reduced  and  the  potential  of  the  discharge  increased,  a  blue  light  is 
given.  Both  of  these,  examined  by  the  spectroscope,  exhibit  numerous 
lines,  some  of  which  are  common  to  both  spectra. 

No  definite  chemical  compound  has  yet  been  obtained  with  argon  ; 
it  is  unchanged  by  sparking  with  oxygen  in  the  presence  of  caustic 
potash,  also  by  sparking  with  hydrogen  in  the  presence  of  acid  or  of 
alkali ;  it  is  unalfected  by  chlorine  and  even  by  fluorine  and  it  has 
no  action  on  sulphur  or  phosphorus,  or  metals  at  a  bright  red  heat. 
With  carbon  it  seems  to  combine  at  the  temperature  of  the  electric 
arc,  but  the  compound  has  up  to  the  present  been  scarcely  examined 
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The  molecular  weight  of  argon  is  obtained  accoriling  to  the  usual 
rule,  by  doubling  tlie  number  which  represents  the  density  of  the 
gas.  It  is  tlierefore  approximately  39"9.  But  it  has  been  found  that 
argon  is  probably  one  of  the  few  known  monatomic  gases,  that  is  to 
say,  its  molecule  is  composed  of  one  atom  only,  for  on  comparing  the 
specific  heat  of  the  gas  at  constant  pressure  with  the  .specific  heat  at 
constant  volume,  by  the  method  which  consists  in  determining  the 
velocity  of  sound  in  the  gas,  it  is  found  that  the  ratio  is  expressed  by 
the  value  1'66,  which  is  the  same  as  that  found  for  mercurj'  vapour, 
which  is  known  to  be  monatomic.  For  diatomic  gases,  such  as 
hydrogen  or  nitrogen,  this  ratio  is  1*42.  The  formula  for  the  mole- 
cule of  argon  is  therefore  A  or  Aj. 


HELIUM. 

This  name  was  applied  in  1868  by  Professors  Lockyer  and  Frank- 
land  to  a  hypothetical  element,  indicated  in  the  spectrum  of  the 
chromosphere  by  a  yellow  line  of  wave  length  5875  98,  very  near  to 
the  double  lines  due  to  sodium,  and  since  known  as  D,.  ilany 
years  afterwards  it  was  found  that  certain  minerals  containing 
uranium,  when  dissolved  in  dilute  sulphuric  acid,  give  off  a  gas 
which  was  for  a  long  time  supposed  to  be  nitrogen.  In  1895, 
Ramsay  discovered  that  the  spectrum  of  this  gas,  observed  when  the 
light  of  the  electric  discharge  transmitted  through  it,  under  reduced 
pressure,  is  viewed  by  the  spectroscope,  contains  this  characteristic 
line,  D3.  The  gas,  in  fact,  consists  of  nitrogen  and  hydrogen,  with  a 
new  element,  or  mixture  of  elements,  which  is  identical  with  the 
previously  observed  constituent  of  the  sun. 

Many  minerals  have  now  been  foiTud  to  yield  a  similar  gaseous 
mixture,  either  by  dissolution  in  acid  or  on  application  of  heat. 
Tliese  minerals  invariably  contain  uranium,  thorium,  or  some  other 
heavy  metal  of  high  atomic  weight,  but  it  is  not  known  Mdiicli  con- 
stititent  is  chiclly  concerned  in  retaining  the  gas.  The  gas  is  not 
enclosed  in  cavities,  neither  is  it  in  the  form  of  ordinary  chemical 
combination,  but  ajopears  to  exist  in  the  mineral  in  a  state  of 
"  occlusion,"  comparable  with  that  condition  in  which  hydrogen  is 
retained  by  palladium  and  carbonic  oxide  by  iron.  Artificially  pre- 
pared oxide  of  uranium  does  not  take  up  the  gas. 

Helium  is  a  colourless  gas,  resembling  argon  in  its  inability  to 
form  chemical  compounds,  but  its  density  is  little  more  than  one- 
tenth  that  of  argon,  the  lowest  value  yet  found  being  2'13  (H  =  l). 
The  spectrum  of  helium  is  characterised  by  five  very  brilliant  lines, 
occurring  in  the  red,  yellow,  blue-green,  blue,  and  violet.  D3  has 
been  found  to  consist  of  two  lines  very  close  together,  and  this  has 
been  observed  in  the  spectrum  of  both  terrestrial  and  chromospheric 
helium.    The  gas  is  very  slightly  soluble  in  water  ;  100  volumes  of 
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water  at  18*  dissolve  '73  volume  of  helium.  When  submitted  to 
fractional  diffusion  through  porous  tubes,  two  portions  were  separated, 
having  the  densities  1'874  and  2"133  respectively;  but  both  speci- 
mens gave  the  same  spectra.  Very  strong  evidence,  however,  would 
be  necessary  to  establish  the  possibility  of  separating  light  molecules 
from  heavy  molecules  of  the  same  substance. 

Experiments  upon  the  velocity  of  sound  in  the  gas  go  to  show 
that  helium  is,  like  argon,  a  monatomic  gas,  or  if  it  is  a  mixture,  it 
must  be  a  mixture  of  monatomic  gases.  From  the  density,  the 
molecular  weight  is  approximately  213  x  2  or  4  26,  but  further  ex- 
periments are  necessary  in  order  to  determine  whether  the  gas  known 
at  present  as  helium  is  a  single  substance  or  a  mixture. 

The  Bath  thermal  water  has  been  found  to  contain  a  minute 
quantity  of  helium  ;  there  is,  however,  none  to  be  detected  in  atmos- 
pheric argon,  at  any  rate,  if  present,  it  would  represent  not  more 
than  xtj.Joo  part  of  the  air  from  which  it  was  extracted. 
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GENERAL  LAWS  OF  CHEMICAL  COMBINATION. 

BEroRE  proceeding  further  witli  the  study  of  indi\'idual  com- 
pounds, it  is  advisable  to  take  a  survey  of  the  conditions  under 
which  chemical  action  takes  place,  and  to  formulate  more  precisely 
than  hitherto  the  quantitative  relations  observed  between  substances 
entering  into  combination.  It  is  also  necessary  to  recall  the  fact,  of 
which  many  illustrations  occur  in  the  foregoing  pages,  that  chemical 
action  is  always  accompanied  by  evolution  or  absorption  of  heat,  and 
frequently  by  manifestations  of  electrical  action  ;  in  fact,  that  chemi- 
cal changes  are  invariably  attended  by  a  loss  or  gain  of  energy  in 
some  form  or  other  in  the  system  of  bodies  concerned. 


I.  Conditions  essential  to  Chemical  Action. 

"We  will  first  consider  the  conditions  under  which  alone  chemical 
action  can  take  place. 

1.  In  order  that  union  may  take  place  between  two  bodies,  or 
that  any  chemical  interaction  may  occur  between  them,  they  must 
be  in  absolute  contact.  That  kind  of  potential  energy  which  is  the 
cause  of  chemical  combination  is  usually  called  chemical  affinity  or 
chemical  attraction.  Wliatever  be  its  true  nature,  which  is  at  present 
unknown,  it  is  incapable  of  operating  at  any  distance  appreciable  by 
our  senses.  In  this  respect,  therefore,  it  differs  from  gravitation  and 
the  attraction  caused  by  magnetism  and  by  electrical  induction. 

2.  In  the  second  place,  chemical  combination  can  take  place  only 
within  certain  limits  of  temperature.  On  the  one  hand,  it  is  found 
by  experiment  that  cold  retards  chemical  interactions,  and  that  in 
many  cases  a  sufficient  reduction  of  temperature  will  put  a  stop  to 
the  formation  of  combinations  Avhich  occur  readily  at  a  somewhat 
higher  temperature.  Phosphorus  and  iodine,  for  example,  if  cooled 
by  a  good  freezing  mixture,  may  be  placed  in  contact  with  each 
other  without  visible  effect.  At  the  common  temperature  of  tlie  air 
they  instantly  unite.  The  absolute  zero  of  temperature  (  —  273°  C.) 
has  not  yet  been  attained,  but  experiments  maile  at  about  —180" 
show  that  all  ordinary  chemical  actions  cea.=»e  at  this  temperature. 
Common  experience,  in  respect  to  the  ignition  of  combustible  bodies, 
points  in  the  same  direction.  The  cliemical  combinations  Avhich 
occur  in  burning  do  not  usually  begin  till  the  temperature  has  been 
raised  up  to  a  point  which  varies  in  different  cases,  and  depends 
partly  upon  the  nature  of  the  materials,  partly  upon  their  state  of 
division,  whether  in  masses  or  fine  poM'der,  and  partly  upon  their 
relative  masses  and  the  manner  in  which  they  are  brought  together. 
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On  the  other  baud,  while  chemical  combination  can  often  occur 
only  when  a  certain  elevation  of  temperature  has  been  reached,  there 
are  many  cases  in  which  compounds  thus  formed  are  destroyed  again 
if  the  temperature  is  raised  further.  For  example,  many  metallic 
salts  combine  with  water  to  form  crystalline  compounds,  such,  for 
example,  as  common  alum  and  the  vitriols.  This  water,  however,  is 
somewhat  easily  driven  oif  by  heat.  Nitric  oxide,  again,  unites  at 
common  temperatures  with  oxygen,  forming  the  red  gas  nitric  per- 
oxide, but  if  the  temperature  is  previously  raised  to  about  400°,  the 
two  gases  remain  indifferent  to  each  other. 

It  is  probable  that  all  chemical  compounds  would  be  decomposed 
by  heat,  if  temperatures  sufficiently  high  could  be  obtained.  In 
some  cases  the  products  of  the  change  are  capable  of  reuniting  to- 
gether, if  allowed  to  cool.  In  such  cases  the  process  is  spoken  of  as 
"  dissociation,"  to  distinguish  it  from  those  cases  of  "  decomposition," 
in  which  the  separated  elements  rearrange  themselves  into  new 
systems  which  are  incapable  of  reproducing  the  original  compound 
on  cooling.  Thus  the  effect  of  heating  ammonium  chloride  is  to 
convert  it  into  a  mixture  of  the  two  gases,  ammonia  and  hydrogen 
chloride,  which  in  cooling  reunite  to  form  sal-ammoniac.  On  the 
other  hand,  the  effect  of  heat  upon  ammonium  nitrate  is  to  resolve  it 
almost  completely  into  water  and  nitrous  oxide,  which  do  not  com- 
bine chemically,  but  retain  their  independence  when  cooled. 

When  one  of  the  substances  concerned  in  the  formation  of  a  com- 
pound is  gaseous  at  the  common  temperature,  it  often  happens  that 
pressure  alone  will  promote  union  without  reduction  of  temperature. 
The  combinations  formed  by  phosphine,  PH3,  with  the  hydracids, 
hydrogen  iodide,  bromide,  and  chloride,  afford  an  example  of  this 
effect.  Phosphine  unites  with  each  of  these  substances  to  form  a 
crystalline  compound,  which,  in  the  case  of  the  iodide,  is  permanent 
in  dry  air  at  common  temperatures.  The  bromide,  however,  can  be 
formed  only  by  cooling  the  mixed  gases  by  a  freezing  mixture  of  ice 
and  salt,  and  the  chloride  requires  a  still  lower  temperature.  Com- 
bination can,  however,  be  brought  about  between  phosphine  and 
hydrogen  chloride  by  subjecting  the  mixed  gases  contained  in  a 
glass  tube  to  a  pressure  of  about  twenty  atmospheres  at  the  tempera- 
ture of  the  air  (15°-20°).  On  releasing  the  pressure,  the  crystals 
which  have  been  deposited  immediately  evaporate  off,  and  the 
gaseous  mixture  is  reproduced. 


//.  Conditions  which  affect  the  Rede  and  the  Products  of 
Chemical  Change. 

1.  From  what  has  already  been  stated,  it  will  readily  be  inferred 
that  elevation  of  temperature,  if  properly  regulated,  will  not  only 
initiate  chemical  action,  but  will  promote  its  continuance  between 
two  bodies. 
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2.  When  compounds  capable  of  a  mutual  exchange  of  constituents, 
or  what  is  called  "  double  decomposition,"  are  concerned,  other  con- 
ditions, beside  the  temperature  of  the  mass,  ■will  affect  the  result  to 
such  an  extent  as  often  to  cause  a  complete  reversal.  The  best  ex- 
amples will  be  found  among  metallic  and  other  salts.  When  a 
solution  of  calcium  chloride  is  mixed  with  a  solution  of  ammonium 
/  ehiew^  a  double  decomposition  or  interchange  ensues,  and  am- 
monium chloride  is  left  in  solution,  while  calcium  carboniate  is 
precipitated  : 

CaCl2  +  (N  H^)2C03  =  CaCOa  +  SNH^Cl . 

On  the  other  hand,  if  calcium  carbonate  and  ammonium  chloride, 
the  products  of  this  change,  be  mixed  together  in  the  dry  state,  and 
heat  is  applied,  a  sublimate  of  ammonium  carbonate  is  formed,  while 
calcium  chloride  remains  behind. 

A  similar  reversal  of  a  reaction  may  be  obained  by  changing  the 
liquid  solvent  in  which  the  interacting  bodies  are  brought  together. 
Potassium  carbonate  dissolved  in  water  is  immediately  decomposed 
by  the  addition  of  acetic  acid,  effervescence  ensues  from  the  escape 
of  carbon  dioxide  and  potassium  acetate  is  left  in  the  solution  : 

K2CO3  +  2HC2H3O2  =  2KC2H3O2  +  H2O  +  CO.. 

If,  however,  dry  potassium  acetate  be  dissolved  in  moderately  strong 
alcohol,  and  carbon  dioxide  gas  is  passed  into  the  solution,  a  white 
precipitate  forms  after  a  time,  which  is  potassium  carbonate,  while 
acetic  acid  passes  into  solution.  The  addition  of  a  little  water  to 
the  mixture  will  once  more  afford  a  medium  in  which  the  acetic  acid 
can  attack  the  carbonate,  which  will  dissolve  with  effervescence  due 
to  the  liberation  of  carbon  dioxide  once  more. 

In  all  similar  cases,  it  may  be  stated  that  when  two  salts  or 
compounds  capable  of  double  decomposition  are  mixed  together 
they  will  begin  to  interact  ;  but  the  interaction  between  them 
will  cease  as  soon  as  the  change  has  proceeded  to  a  certain  extent, 
in  consequence  of  mutual  action  of  the  products  of  decomposition 
upon  each  other,  with  reproduction  of  the  original  substances.  Thus 
if  calcium  chloride  and  potassium  nitrate  both  dissolved  in  water 
interact,  they  produce  calcium  nitrate  and  potassiiun  chloride  : 

CaClj  +  2KNO3  =  Ca(N03)2  -I-  2KC1. 

This  process,  however,  is  believed  to  be  limited  in  consequence  of  the 
reproduction  of  calcium  chloride  and  potassium  nitrate  : 

Ca(N03)2  +  2KC1  =  CaClo  +  2KNO3. 

Such  changes  are  often  spoken  of  as  reversible  interactions  and  are 
represented  symbolically  thus  : 

Ca(N03)2  +  2KC1       1;      CaCl2  +  2KNO3. 

In  such  cases  as  this  the  products  remain  in  the  field  of  action  ;  but 
when  one  of  the  compounds  formed  is  insoluble  in  the  liquid,  or  is 
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gaseous  at  the  temperature  of  tlie  experiment,  it  is  eliminated  as 
fast  as  it  is  produced.  Consequently  the  double  exchange  goes  on 
between  successive  portions  of  the  materials  until  one  or  both  are 
completely  consumed  and  the  interaction  is  complete. 

3.  Another  very  important  condition  which  seriously  affects  many 
chemical  interactions  is  provided  by  the  "mass"  or  relative  propor- 
tions of  the  acting  bodies.  A  very  instructive  experiment  may  be 
made  as  follows  : — A  solution  of  ferric  chloride  in  water,  mixed  Avith 
a  solution  of  potassium  thiocyanate,  aflFords  a  deep  orange-red  colour. 
If  a  solution  is  prepared  of  such  a  strength  that  the  colour  is  not  too 
deep  to  transmit  light  easily,  and  to  a  portion  of  the  liquid  a  further 
quantity  of  ferric  salt  is  added,  a  deepening  of  the  colour  will  be 
noticed,  which  indicates  a  further  production  of  the  red  ferric 
thiocyanate.  From  this  it  would  appear  that  the  amount  of  iron 
originally  added  was  insufficient  to  satisfy  the  equation  : 

6KCNS  -f-  Fe^Cle  =  6KC1  +  Fe,SGN8\, 

But  it  will  be  found  that  on  adding  more  thiocyanate  to  another 
separate  portion  of  the  liquid  a  similar  deepening  of  colour  will  be 
visible,  which  seems  to  show  that  there  is  a  deficiency  of  the 
thiocyanate.  In  this  case,  as  in  many  others,  the  decomposition  of 
one  of  the  compounds  present  can  never  be  completely  effected  unless 
a  very  large  excess  of  the  other  compound  which  acts  upon  it  is 
added  over  and  above  the  quantity  requisite  according  to  theory,  as 
expressed  in  the  equation. 

Another  instance  of  the  action  of  "mass,"  complicated  to  a  certain 
extent  by  the  effects  of  heat  on  water  vapour,  is  aftorded  by  the 
interaction  between  iron  and  steam  at  a  red  heat.  When  iron,  in 
the  form  of  nails  or  borings,  is  heated  to  redness  in  a  current  of 
steam,  magnetic  oxide  of  iron  (FeO.FejO^)  is  formed  and  hydrogen 
liberated  from  a  portion  of  the  steam.  On  the  other  hand,  oxide  of 
iron,  when  heated  in  a  tube  through  which  hydrogen  is  passed, 
undergoes  reduction  to  the  metallic  state  and  water  is  formed. 
These  apparently  inconsistent  results  are  chiefly  due  to  the  relative 
preponderance  of  steam  in  the  one  case  and  of  hydrogen  in  the  other, 
the  excess  of  steam  in  the  former  case  carrying  off  a  portion  of  the 
liberated  hydrogen  before  it  has  time  to  react  upon  the  oxide  of  iron 
which  has  been  formed,  while  in  the  latter  case  the  hydrogen 
similarly  sweeps  away  the  water  vapour  before  it  finds  an  oppor- 
tunity of  attacking  the  reduced  iron.  If  the  materials  were  contained 
in  a  closed  vessel,  a  state  of  equilibrium  would  sooner  or  later  be 
established,  when  the  amount  of  water  decomposed  would  be  exactly 
counterbalanced  by  the  amoimt  recomposed  in  a  given  time. 

4.  What  is  called  the  nascent  state  is  one  very  favourable  to  chemical 
combination.  Thus  hydrogen  gas  is  incajiable,  under  ordinary  cir- 
cumstances, of  affecting  metallic  salts  or  compounds  rich  in  oxygen 
like  nitric  acid.  But  if  in  place  of  the  ready-formed  gas  materials 
are  employed  which  are  capable  of  producing  hydrogen,  many  changes 
may  be  effected  which  would  otherwise  be  impossible.    For  example, 
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if  to  a  mixture  of  zinc  and  hydrochloric  acid,  which  is  in  the  act 
of  evolving  hydrogen,  a  small  quantity  of  nitric  acid  is  added,  the 
evolution  of  gas  ceases,  and  after  a  short  time  the  nitric  acid  will 
be  found  to  have  been  converted  into  ammonia. 

5.  There  is  yet  another  obscure  class  of  phenomena,  called  catalytic, 
in  which  effects  are  brought  about  by  the  presence  of  a  substance 
which  itself  undergoes  no  perceptible  change  :  the  experiment  men- 
tioned in  the  chapter  on  oxygen,  in  which  that  gas  is  obtained,  with 
the  greatest  facility,  by  heating  a  mixture  of  potassium  chlorate 
and  manganese  dioxide,  is  a  case  in  point.  The  salt  is  decomposed 
at  a  far  lower  temperature  than  would  otherwise  be  required,  and 
yet  the  manganese  oxide  is  found  after  the  experiment  undiminished 
in  amount.  It  may,  however,  undergo  a  temporary  alteration.  We 
know,  indeed,  that  this  oxide,  when  in  contact  with  alkalis,  is  capable 
of  taking  up  an  additional  proportion  of  oxygen  and  forming  a  man- 
ganate  ;  and  it  is  quite  possible  that  in  the  reaction  just  con- 
sidered it  may  actually  take  oxygen  from  the  potassium  chlorate, 
and  pass  to  the  state  of  a  higher  oxide,  which,  however,  is  imme- 
diately decomposed,  the  additional  oxygen  being  evolved,  and  the 
dioxide  returning  to  its  original  state.  And  in  support  of  this 
hypothesis  it  should  be  mentioned  that  the  oxide  of  manganese  is 
usually  somewhat  altered  in  density  and  colour,  the  oxygen  which 
is  evolved  is  accompanied  by  a  small  quantity  of  chlorine,  and  the 
residual  chloride  contains  a  minute  quantity  of  oxide  of  potassium. 
A  similar  effect  in  facilitating  the  decomposition  of  the  chlorate  is 
produced  by  cupric  oxide,  ferric  oxide,  and  lead  oxide,  all  of  which 
are  known  to  be  susceptible  of  higher  oxidation.  The  oxides  of  zinc 
and  magnesium,  on  the  contrary,  which  do  not  form  higher  oxides, 
are  not  found  to  facilitate  in  the  same  degree  the  decomposition  of 
the  chlorate  ;  neither  is  any  marked  effect  produced  by  mixing  the 
salt  with  other  pulverulent  substances,  such  as  pounded  glass  or  pure 
silica. 

The  so-called  catalytic  actions  are  often  mixed  up  with  other  effects 
which  are  much  more  intelligible,  as  the  action  of  hnely-divided 
platinum  on  certain  gaseous  mixtures,  in  which  the  solid  appears  to 
condense  the  gas  upon  its  greatly  extended  surface,  and  thereby  to 
induce  combination  by  bringing  the  particles  within  the  sphere  of 
their  mutual  attractions. 

III.  Laios  Relating  to  Gomhining  Proportions. 

1.  The  Law  of  Definite  Proportions  affirms  that  when 
two  substances  unite  together  to  form  a  given  compound  they  can 
unite  only  in  a  fixed  proportion  ;  or,  conversely,  that  any  given 
chemical  compound  is  always  composed  of  the  same  elements 
combined  in  the  same  proportion. 

2,  The  Law  of  Multiple  P r o j) o r t i o n s  sttites  tliat  the 
several  quantities  of  any  element  A  which  can  unite  with  a  fixed 
quantity  of  another  element  B  usually  stand  to  one  another  in 
simple  numerical  proportions. 
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3.  The  Law  of  Reciprocal  Proportions  or  Equivalents 
states  that  when  any  two  elements,  A  and  B,  combine  with  a  third 
element  C,  the  proportions  in  which  they  unite  with  C  are  the  same 
in  which  they  imite  together,  if  union  occurs  between  them,  or  they 
bear  a  simple  numerical  ratio  to  those  proportions.  For  each 
element,  therefore,  there  is  a  fixed  proportion  in  which  it  enters  into 
any  state  of  chemical  union.  This  quantity  is  usually  called  the 
chemical  equivalent,  and  since  the  equivalent  of  hydrogen  is  the 
smallest  known,  it  is  customary  to  express  the  equivalents  of  the 
other  elements  in  relation  to  that  of  hydrogen  taken  as  unity. 

The  process  by  which  the  equivalent  of  an  element  is  actually 
determined  depends  upon  circumstances. 

a.  When  a  metal  dissolves  in  dilute  hydrochloric  or  sulphuric 
acid,  a  weighed  quantity  of  it  may  be  used  and  the  escaping 
hydrogen  carefully  measured.  From  the  volume  of  the  gas  its 
weight  may  be  calculated.  Thus  it  is  found  that  23  parts  of  sodium, 
12  parts  of  magnesium,  or  9  pai'ts  of  aluminium  will  displace  1 
part  by  weight  of  hydrogen.  These  numbers  are  the  equivalents 
of  the  respective  metals. 

h.  Direct  combination  with  hydrogen  may  be  used  for  the  deter- 
mination of  the  equivalent.  The  composition  of  hydrogen  chloride, 
hydrogen  bromide,  hydrogen  iodide,  hydrogen  sulphide,  and  hy- 
drogen oxide  or  water  has  been  ascertained  with  great  accuracy  by 
processes,  some  of  which  -  have  been  already  indicated  {see  Water, 
p.  70). 

c.  If  the  element  is  incapable  of  forming  a  definite  compound  with 
hydrogen,  the  chloride  or  some  other  salt  is  generally  taken  for 
analysis.  This  is  the  course  adopted  with  the  majority  of  the 
metals  which  for  the  most  part  form  no  compounds  with  hydrogen, 
and  in  the  case  of  such  elements  as  silicon  and  boron,  the  compounds 
of  which  with  hydrogen  are  gaseous  and  easily  decomposed. 

Whatever  form  of  experiment  it  may  be  found  best  to  adopt,  the 
object  aimed  at  is  the  determination  of  the  ratio  between  the  com- 
bining quantity  of  the  element  in  question  and  that  of  hydrogen 
assumed  equal  to  1,  or  that  of  oxygen,  chlorine,  etc.,  previously 
ascertained.  The  first  column  of  the  following  table  contains  the 
weights  of  the  several  elements  which  are  found  to  combine  with 
or  replace  1  part  by  weight  of  hydrogen ;  the  second  column  con- 
tains the  weights  of  other  elements  with  which  anyone  of  those  on 
the  left  is  capable  of  uniting  : — 


Lithium,  ...  7 
Aluminium,     .       .  9 

Magnesium,     .       .  12 

Calcium,  ...  20 

Sodium,  ...  23 

Copper,   .       .       .  31  •! 

Zinc,       .      .       .  32-! 

Potassium,      .       .  39 

Barium,  .      ,      .  68' 


Fluorine,      .       .       .  19 

Chlorine,      .       .       .  35-4 

Bromine,      ...  80 

Iodine,  ....  127 

Sulphur,       ...  16 

Oxygen,        ...  8 
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4.  Volumetric  Combination  of  Gases.  Gases  unite 
by  volume  in  proportions  which  bear  to  each  other,  and  to  tlie 
volume  of  the  resulting  compound,  a  simple  numerical  relation. 
This  will  be  evident  from  inspection  of  the  folloAving  examples  : — 


Gases  Uniting. 

1  vol.  chlorine    +  1  vol.  hydrogen  produce 

2  vols,  hydrogen  +  1  vol.  oxygen  ,, 

3  vols,  hydrogen  +  1  vol.  nitrogen  ,, 
2  vols,  nitrogen  +  1  vol.  oxygen 

1  vol.  nitrogen   +  1  vol.  oxygen  ,, 

2  vols,  carbon 

monoxide  +  1  vol.  oxygen 
1  vol.  mercury- 
vapour      +  2  vols,  chlorine 


2  vols,  hydrogen  chloride. 
2  vols,  water-vapour. 
2  vols,  ammonia. 
2  vols,  nitrous  oxide. 
2  vols,  nitric  o.xide. 

2  vols,  carbon  dioxide. 

2  vols,  mercuric  chloride 
vapour. 

Such  facts  were  discovered  by  Gay-Lussac,  and  the  above  state- 
ment is  often  called  Gay-Lussac's  Law  of  Volumes  (see  p.  8). 


The  Atomic  Tlieory  of  Dalton. 

The  general  statements  of  observed  fact  commonly  called  laws  of 
chemical  combination,  which  have  already  been  enunciated,  may  be 
explained  by  the  "Atomic  Theory,"  which,  in  this  ajjplication,  M'e 
owe  to  John  Dalton.  According  to  this  theory,  the  chemical  elements 
are  made  up  of  minute  indivisible  particles  or  atoms,  which  in  each 
element  are  all  alike  in  mass  and  properties,  the  atoms  of  hydrogen 
being,  for  example,  all  equal  and  similar,  and  different  from  the  atoms 
of  oxygen,  which  also  are  all  equal  and  similar.  Chemical  com- 
bination is  supposed  to  result  from  the  close  approximation  of  atoms, 
either  of  the  same  kind  or  of  different  kinds,  and  chemical  decom- 
position is  caused  by  the  separation  of  atoms  which  were  previously 
united.  Hence  as  the  atoms  are  indivisible,  combination  can  take 
place  only  between  one,  two,  three,  or  more  of  one  kind,  with  one, 
two,  three,  or  more  of  another  kind,  and  so  definite,  multiple,  and 
reciprocal  proportions  would  be  accounted  for. 

A  group  of  atoms  united  together  chemically  is  called  a  molecule. 


Physical  Constitution  of  .Gases. 

In  order  to  explain  the  properties  of  gases,  of  which  an  account 
has  been  given  in  the  earlier  pages  of  this  book,  a  modification  and 
extension  of  the  molecular  theorj'^  of  the  constitution  of  matter  has 
been  almost  universally  adopted  by  physicists  and  chemists. 

This,  which  is  usually  referred  to  as  the  Kinetic  Theory  of 
Gases,  was  originally  put  forward  by  Joule  in  1848,  but  it  was 
afterwards  extended  by  Kriiuig  and  Clausius,  and  has  .been  further 
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developed  by  tlie  investigations  and  writings  of  Clerk  Maxwell,  Lord 
Kelvin,  and  other  physicists. 

According  to  this  theory,  it  is  assumed  that  the  molecules  of  all 
bodies  are  in  constant  motion ;  but  whereas  in  solids  each  molecule 
oscillates  about  a  fixed  centre,  from  which  it  never  travels  very  far, 
the  molecules  of  gases  are  constantly  moving  from  place  to  place. 

In  liquids  there  is  probably  an  intermediate  condition,  the 
molecules  moving  about,  some  singly,  but  the  majority  in  groups  of 
greater  or  less  complexity. 

In  gases  each  molecule  is  supposed  to  be  constantly  moving  Avith 
great  velocity  in  straight  lines  till  it  meets  another  molecule  or  an 
impenetrable  surliice. 

As  the  molecules  of  a  gas  are  very  minute  and  the  number  in  a 
given  space  is,  even  in  greatly  attenuated  gases,  very  large,  these 
encounters  occur  very  frequently,  and  consequently  the  distance 
through  which  each  particle  can  travel  in  a  straight  line  without 
interruption,  that  is,  its  mean  free  path,  is  very  small.  Some 
molecules  must  be  assumed  to  be  moving  with  greater  and  some  with 
less  velocity  in  consequence  of  these  encounters,  but  the  greater 
number  must  be  moving  with  a  velocity  which  approaches  to  a 
certain  average. 

Now  the  outward  pressure  against  the  walls  of  the  containing 
vessel  is,  by  the  hypothesis,  the  result  of  the  impact  of  a  great 
number  of  molecules  of  gas  upon  its  surface.  But  at  any  given 
temperature,  that  is,  with  any  given  velocity,  the  number  of  such 
impacts  taking  place  in  a  given  time  must  vary  inversely  as  the 
volume  of  the  gas  ;  hence  the  pressure  varies  inversely  as  the  volume, 
which  agrees  with  the  usual  statement  of  Boyle's  law. 

When  a  given  quantity  of  a  perfect  gas  is  heated  it  tends  to  expand 
by  of  its  bulk  at  zero  for  every  degree  centigrade,  and  if  it  is 
maintained  at  a  constant  volume  the  pressure  it  exerts  upon  the  walls 
of  the  containing  vessel  increases  in  the  same  ratio,  that  is,  pro- 
portionally to  the  absolute  temperature. 

Now  the  pressure  exercised  by  the  moving  molecules  upon  every 
unit  of  area  of  the  surface  with  which  the  gas  is  in  contact,  is  propor- 
tional to  the  sum  of  the  masses  of  all  the  molecules  (M)  multiplied 
by  the  squares  of  their  velocities  (v"^)  ;  and  since  M  remains  constant, 
it  is  evident  that  change  of  pressure  is  due  to  change  of  velocity,  and 
v'^  is  therefore  a  measure  of  temperature.  The  law  of  the  expansion 
of  gases  by  heat  is  therefore  deducible  from  the  kinetic  theory. 

But  the  relations  between  pressure,  volume,  and  temperature  of 
gases,  expressed  in  the  laws  of  Boyle  and  Gay-Lussac,  presuppose 
certain  conditions  which,  in  fact,  are  never  exactly  fulfilled.  For 
it  must  be  assumed  that  the  mass  of  the  molecules  is  infinitely 
small  ;  and  further,  that  the  molecules  are  entirely  independent  of 
each  other.  It  is  probable  that  no  gas  com])letely  satisfies  these 
conditions,  for  the  known  deviations  from  both  laws  by  the  more 
easily  liqueSablc  gases  seem  to  show  that  the  molecules  of  such  gasea 
are  not  wholly  independent  of  each  other. 
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On  the  other  hand,  it  is  observed  that  while  in  such  gases  the 
product  of  the  pressure,  P,  with  the  volume  of  the  gas,  V,  is  for 
moderate  pressures  less  than  unity,  in  the  case  of  hydrogen  PV  is 
greater  than  unity.  But  when  the  pressures  apjjlied  are  very  gi'eat, 
while  the  temperature  is  high  enough  to  prevent  liquel'action  of  the 
gas,  all  gases  behave  like  hydrogen.  This  appears  to  depend  upon 
the  fact  that  the  molecules  occupy  an  appreciable  proportion  of 
the  whole  space  filled  by  the  gas,  and  therefore  that  each  molecule 
will  in  the  same  time  strike  the  walls  of  the  containing  vessel  more 
frequently  than  theory  would  indicate  on  the  assumption  that  the 
molecule  was  indefinitely  small. 

The  Law  of  Avogadro,  a  statement  of  which  will  follow 
immediately,  is,  of  course,  subject  to  limitation  similar  to  that  which 
is  applicable  to  the  laws  connecting  the  volume  with  the  pressure 
and  the  temperature  of  a  gas.  The  extent  of  deviation  is  illustrated 
by  the  case  of  hydrogen  and  oxygen,  which  have  been  found  by  the 
most  exact  experiments  to  combine,  not  exactly  in  the  proportions  of 
2  vols.  :  1  vol.,  but  2*0024  volumes  of  hydrogen  to  1  volume  of 
oxygen.  (Scott.) 

The  phenomena  of  the  diffusion  of  gases  and  the  law  relating  to 
the  rate  of  diffusion,  discovered  by  Graham  (p.  30),  are  also  satis- 
factorily explained  by  the  kinetic  theory.  For,  assuming  that  the 
number  of  molecules  in  unit  volume  of  any  two  gases  at  the  same 
temperature  and  pressure  is  the  same  (Law  of  Avogadro),  the  relative 
density  of  each  gas  will  be  proportional  to  its  molecular  weight. 
The  rate  of  difl'usion  of  each  will  depend  upon  the  value  of  the 
molecular  weight,  m,  in  the  expression  ^nv-,  which  represents  the 
kinetic  energy  of  each.  The  relative  rates  of  diffusion  will  therefore 
be  inversely  as  the  square  roots  of  the  densities  of  the  two  gases. 


Law  of  Avogadro. 

All  gases  have  approximately  the  same  coefBcient  of  expansion 
(see  p.  28),  and  expand  and  contract  to  the  same  extent  under  the 
influence  of  changes  of  pressure,  when  the  pressure  is  not  so  great  as 
to  bring  the  gas  near  to  a  change  of  state.  Hence  it  has  been 
supposed  that,  as  a  change  of  volume  must  be  due  to  approximation 
or  separation  of  the  particles  of  the  gas,  and  not  to  any  change  in  the 
particles  tliemselves,  all  gases  must  be  similarly  constituted.  This 
hypothesis,  formulated  in  1811  by  Avogadro,  and  usually  referred  to 
as  Avogadro's  Law,  is  generally  stated  thus :  Equal  volume  of 
different  gases  under  like  conditions  of  tcmperaiure  and  pressure  contain 
the  same  number  of  molecules. 

By  a  molecule  is  here  understood  a  small  portion  of  the  substance 
of  the  gas  made  up  of  atoms  which  do  not  sej^arate  from  one  another 
during  the  movements  of  the  molecule  (sec  Kinetic  Theory,  p.  239). 
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This  hypothesis  is  strongly  supported  by  the  manner  in  which  gases 
unite  according  to  Gay-Lussac's  Law  of  Volumes. 

Adopting  the  Law  of  Avogadro,  we  can  at  once  understand  the 
nature  of  the  change  which  occurs  when,  say,  hydrogen  combines  with 
chlorine  or  with  oxygen.  Whatever  measure  of  hydrogen  is  taken, 
it  must  be  assumed  to  contain  71  molecules  of  the  gas  ;  then  the 
amount  of  chlorine,  an  equal  volume,  which  unites  with  it  must 
also  contain  n  molecules,  and  the  hydrogen  chloride  produced,  occupy- 
ing twice  the  volume  of  either  the  hydrogen  or  the  chlorine,  must 
consist  of  2ji  molecules  of  the  compound. 

Hence  it  is  obvious  that  each  molecule  of  hydrogen  and  of  chlorine 
is  a  double  structure,  which  is  divided  into  two  equal  parts  when 
combination  occurs,  one-half  of  a  molecule  of  hydrogen  and  one-half 
of  a  molecule  of  chlorine  forming  a  molecule  of  the  compound. 

Similarly,  when  2  volumes  of  hydrogen  combine  with  1  volume 
of  oxygen  to  form  2  volumes  of  water  in  the  state  of  gas,  we  may 
state  that  there  are  2n  molecules  of  hydrogen,  which  with  n  mole- 
cules of  oxygen  form  2n  molecules  of  water.  Hence  the  oxygen 
molecules  must  be,  like  those  of  hydrogen  and  chlorine,  divisible  into 
two  equal  and  similar  parts. 


Determination  of  Molecular  Weights. 

1.  The  foregoing  considerations  afford  the  basis  of  the  most 
important  method  for  the  determination  of  the  relative  masses  of 
molecules.  The  mode  of  combination  of  hydrogen,  chlorine,  and 
oxygen  shows,  if  Avogadro's  hypothesis  is  true,  that  one  molecule  of 
each  of  these  elements  must  consist  of  at  least  two  atoms.  If  the 
symbols  H,  CI,  0  be  used  to  represent  one  atomic  proportion  of  each, 
then  the  formulae  of  the  molecular  proportion  will  be  severally  H2, 
CI2,  Oj. 

Farther  evidence  may  be  obtained  by  a  consideration  of  the  action 
of  metals  upon  the  hydrogen  compounds  of  chlorine  and  oxygen, 
with  regard  to  the  manner  in  which  the  hydrogen  contained  in  them 
may  be  replaced.  Compare  first  hydrogen  chloride  and  water.  When 
hydrogen  chloride  is  acted  upon  by  sodium,  the  ivhole  of  the  hydrogen 
is  expelled,  and  the  chlorine  enters  into  combination  Avith  an 
equivalent  quantity  of  the  metal ;  thus  36-4  parts  hydrogen  chloride 
(  =  1  part  hydrogen 35 -4  chlorine)  and  23  sodium  yield  1  part  of 
free  hydrogen  and  23  +  35-4  (  =  58-4)  sodium  chloride  ;  there  is  no 
such  thing  as  the  expulsion  of  part  of  the  hydrogen,  or  the  formation 
of  a  compound  containing  both  hydrogen  and  metal  in  combination 
with  the  chlorine. 

With  water,  however,  the  case  is  different.  When  sodium  ia 
thrown  upon  water,  18  parts  of  that  compound  (  =  2  hydrogen -{-16 
oxygen)  are  decomposed  in  such  a  manner  that  half  of  the  hydrogen 
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is  expelled  by  an  equivalent  quantity  of  sodium,  23,  and  sodium 
hydroxide  is  formed  containing — 

Sodium.      Hydrogen.  Oxygen. 
23      +      1       +  16 

This  compound  remains  in  the  solid  state  when  the  liquid  is 
evaporated  to  dryness.  Water  differs,  therefore,  from  hydrochloric 
acid  in  this  respect,  that  half  its  hydrogen  may  be  replaced  by 
sodium,  yielding  a  hydroxide  which  niay  be  regarded  as  containing 
an  atom  of  sodium  in  place  of  an  atom  of  hydrogen.  The  second 
atom  of  hydrogen  cannot  be  displaced  by  the  direct  action  of  sodium, 
but  a  compound  may  be  obtained  by  union  of  sodium  and  oxygen 
which  must  be  considered  as  water,  in  which  both  the  h}'drogen 
atoms  have  been  replaced  by  an  equivalent  quantity  of  sodium. 
The  relations  of  the  three  compounds  may  thus  be  represented  : 

Water.  Sodium  hydroxide.  Sodium  oxide. 


Hydrogen.  Ox.   Hyd.      Sod.  Ox.        Sodium.  Ox. 

(1  +  1)    +    16    (1  +  23)    +    16    (23  +  23)    +  16 

Or,  using  symbols  to  represent  the  atomic  proportions,  the  relations 
are  displayed  still  more  clearly  thus  : 

Water.  Sodium  hydroxide.  Sodium  oxide. 

H  1  ^  Na  1 Na  I  ^• 

Now,  although  water  yields  up  its  hydrogen  in  two  stages,  the 
oxygen  cannot  be  displaced  except  as  a  whole  in  one  operation. 
Consequently  the  oxygen  of  water  is  regarded  as  present  in  the  form 
of  one  atom. 

If  now  we  write  down  the  quantities  of  the  several  elements  and 
compounds  under  consideration  Avhich  occupy  the  same  volume 
in  the  state  of  gas,  we  have  the  following  numbers  which  represent 
their  relative  densities  : — 


Hydrogen, 
Chlorine,  . 
Oxygen,  . 
Hydrogen  chloride, 
"Water  vapour,  . 


1 

35i 
16" 

9 


From  considerations  already  set  forth  hydrogen  chloride  consists  of 

Hydrogen  1  part  +  Clilorine  35i  parts  ; 

and  if  we  agree  tliat  the  atomic  weight  of  hydrogen  be  taken  as 
unity,  the  molecule  of  liydrogen  chloride  must  have  the  relative 
weight  36i.  Similarly  the  relative  molecular  weight  of  water  must 
be  18.   Consequently  the  molecular  weights  of  vaporisable  elements 
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or  compounds  are  obtained  by  doubling  the  numbers  which  express 
their  densities  in  the  state  of  gas.  For  the  substances  already  referred 
to,  we  therefore  arrive  at  the  following  statement : — 


Names. 

Densities  w- 
Weiglits  of 

Density  x  2 
or  Relative 
Molecular 
Weights. 

Formula! 
representing 
Molecules. 

Hydrogen, 
Chlorine,  . 
Oxygen,  . 
Hydrogen  chloride,  . 
Water, 

1 

351 
16" 
18i 
9 

2 
71 
32 
36i 
18" 

Clo 

o; 

HCl 
H^O 

If  now  this  rule  is  applied  to  the  elements  generally,  it  is  found  tbat 
they  differ  from  one  anotber  in  molecular  complexity  as  shown  in 
the  following  table.  In  some  cases,  such  as  iodine  and  sulpbur,  it  is 
observed  that  the  relative  density  is  reduced  at  high  temperatures, 
indicating  a  simplification  of  the  molecule. 


Relative  Molecular  Density  of  Vaporisable  Elements. 


Monatomic. 

Diatomic. 

Triatoraic. 

Tetratomic. 

Polyatomic. 

Hg 

H.. 

O3 

P4 

So  at  500° 

ca 

K.: 

AS4 

Zn 

ci; 

I  above  1600° 

Br; 

I.  below  500° 

f; 

N., 

S2  at  900° 

2.  Compounds  of  carbon  with  hydrogen,  or  with  hydrogen  and 
ox)rgen,  when  expo.sed  to  the  action  of  chlorine,  frequently  exchange 
a  part  or  the  whole  of  their  hydrogen  for  an  equivalent  quantity  of 
chlorine,  and  the  number  of  compounds  thus  formed  affords  in  some 
cases  a  means  of  determining  the  molecular  weiglit  of  the  parent 
compound.  For  example,  marsh  gas,  or  methane,  is  a  compound  of 
1  part  of  hydrogen  with  3  parts  of  carbon,  or  4  parts  of  hydrogen 
with  12  parts  of  carbon. 

When  this  gas  is  mixed  with  chlorine,  and  exposed  to  diffuse  day- 
light, a  new  compound  is  formed,  in  which  one-fourth  of  the 
hydrogen  belonging  to  the  marsh-gas  is  replaced  by  an  equivalent 
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quantity  of  chlorine  ;  and  if  the  chlorine  is  in  excess,  and  the  mix- 
ture exposed  to  sunshine,  three  other  compounds  are  formed,  in 
which  one-half,  three-fourths,  and  all  the  hydrogen  are  thus  replaced. 
The  results  may  be  thus  expressed  : — 

Methane. 
Carbon.  Hydrogen. 

A 

12    +    1    -I-    1    -f-    1    -f  1 

Chloromethane. 

Carlion.  Hydrogen.  Chlorine. 

.  '  ^ 

12    +     1-l-l-fl-l-  35-4 

Dichloromethane. 
Carbon.         Hydi'ogen.  Chlorine. 

12    -f    1    H-    1    -f-    35-4    -f  35-4 

Trichloromethane  or  Chloroform. 
Carb.        Hyd.  Chlorine. 
12    -t-    1    +    35-4    +    35-4    -1-  35-4 

Tetrachloromethane. 
Carbon.  Chlorine. 


12    +    35-4    +    35-4    +    35-4    4-  35-4 

Hence  it  is  inferred,  by  reasoning  similar  to  that  which  would  be 
used  in  the  case  of  the  action  of  sodium  on  water,  that  the  molecule 
of  marsh  gas  contains  4  atoms  of  hydrogen,  and  hence  tliat  its 
formula  and  the  formulae  of  the  compounds  formed  from  it  by  this 
process  of  substitution  must  be  written  in  the  following  maimer  : — 


Methane,   Cx  H4 

Chloromethane,     .       .       .       .  Cx  H3CI 

Dichloromethane,  .       .       .       .  Cx  HoCI., 

Trichloromethane,        .       .       .  Cx  HCLj 

Tetrachloromethane,      .       .       .  Cx  CIj . 


3.  When  a  non-volatile  solid,  such  as  sugar  or  salt,  is  dissolved  in 
water,  the  boiling  point  of  the  li(|uid  is  raised.  If  quantities  of 
several  solids  projDortional  to  their  molecular  weights  are  added  to 
the  same  weight  of  the  same  liquid,  the  boiling  point  is  raised  to  the 
same  extent.  This  forms  the  basis  of  a  process  for  the  estimation  of 
the  molecular  weight  in  the  case  of  non- volatile  compounds,  but  it  is 
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seldom  applied  to  inorganic  acids,  or  salts,  inasmuch  as  these  and 
other  chemically  active  bodies  usually  produce  a  much  greater  effect 
than  theory  would  indicate.    This  is  also  true  of  the  next  process. 

4.  It  has  long  been  known  that  when  a  substance  of  any  kind  is 
dissolved  in  a  liquid  the  temperature  must  be  reduced  below  the 
natural  freezing  point  of  the  liquid  before  solidification  commences, 
and  that  even  when  crystallisation  begins  the  temperature 
remains  below  the  true  freezing  point.  Researches,  chiefly  of 
Professor  Eaoult,  have  shown  that  the  depression  of  the  freezing 
point  of  a  liquid,  in  which  a  small  quantity  of  some  other 
substance  is  dissolved,  is  proportional  to  the  weight  of  substance 
dissolved,  and  if  in  difl'erent  experiments  molecular  proportions 
of  difl'erent  substances  are  used  in  the  same  M'eight  of  solvent 
the  extent  of  depression  is  the  same.  To  determine  the  mole- 
cular weight  of  a  substance  the  effect  uj^on  the  freezing  point 
produced  by  other  substances  of  known  molecular  weight  must  be 
first  ascertained.  Suppose  P  the  weight  in  grams  of  substance 
dissolved  in  100  grams  of  liquid  and  C  the  extent  to  which  the 

C 

freezing  point  is  lowered.    Then  p  is  the  effect  which  would  be 

produced  by  1  gram  ;  and  if  M  be  the  molecular  weight  of  the 
MC 

substance,  -p-  is  the  extent  to  which  the  freezing  point  would  be 

lowered  by  the  use  of  an  amount  of  substance  proportional  to  the 
molecular  weight.  Then  calling  this  molecular  depression  T,  the 
equation 


affords  the  means  of  determining  the  value  of  T  when  M,  C,  and  P 
are  known,  or  the  value  of  M  if  T  has  been  previously  determined 
by  observation  in  a  number  of  cases.  The  liquid  used  as  solvent 
is  usually  water,  acetic  acid,  or  benzene.  For  inorganic  acids  and 
salts  the  value  of  T  varies  according  to  the  nature  of  the  salt.  For 
carbon  compounds  and  for  aidiydrous  mineral  chlorides  dissolved  in 
acetic  acid  or  benzene,  the  following  values  of  T  are  given  :— Water, 
19  ;  acetic  acid,  39  ;  benzene,  49.  The  method  is  extensively  applied 
to  the  estimation  of  the  molecular  weight  of  carbon  compounds,  but 
there  is  so  much  uncertainty  still  prevailing  as  to  the  data  for 
salme  compounds  that  its  use  in  this  direction  is  very  limited. 


Determination  of  Atomic  Weights. 

1.  The  most  obvious  and  direct  method  of  determining  the  atomic 
weight  of  an  element  consists  in  ascertaining  the  molecular  weights 
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of  as  many  as  possible  of  the  compounds  into  which  this  element 
enters  and  noting  the  smallest  proportion  of  the  element  in  question 
ever  found  in  one  molecule.  The  application  of  this  principle  will 
be  most  readily  made  intelligible  by  consideration  of  a  case  such  as 
that  of  oxygen  or  sulphur. 


Weight  of  1 
Vol.  of  Vapour 
or  Eelative 
Density. 

Weight  of  2 
Vols,  of  Vapour 
or  Molecular 
Weight. 

Weight  of 
Oxygen  in  2 
V0I.S. 

Compounds  containing 
Oxygen. 

vv  a  ter,  .... 
Carbonic  oxide,  . 
Carbonic  anhydride,  . 
Nitrous  oxide, 
Nitric  oxide, 

Alcohol,  .... 
Acetic  acid, 

Ether  

Etc.,  .... 

9 

14 
22 
22 
15 
23 
30 
37 
etc. 

lis 
28 
44 
44 
30 
46 
60 
74 
etc. 

10 
16 
32 
16 
16 
]6 
32 
16 
etc.! 

Compounds  containing 
Sulphur. 

Weight  of 
Sulphur  in  2 
Vols. 

Hydrogen  sulphide. 
Sulphurous  anhydride. 
Sulphuric  anhydride,  . 
Mercaptan,  .... 
Carbonic  sulphide. 
Sulphurous  oxychloride. 
Etc.,  .... 

17 

32 

40 

31 

38 

591 

etc. 

34 
64 
80 
62 
76 
119 
etc. 

32 
32 
32 
32 
64 
32 
etc. 

On  inspection  of  the  last  column  it  is  obvious  that  no  compound 
of  oxygen  contains  in  two  volumes  of  vapour,  that  is  in  one  mole- 
cular proportion,  less  than  16  parts  by  weight  of  oxygen.  Hence 
this  is  taken  to  be  the  atomic  weight  of  that  element.  In  like 
manner  32  is  the  value  indicated  for  the  atomic  weight  of  suljihur. 

2.  It  hapi)ens,  however,  in  many  cases,  notably  among  the  metals, 
that  the  element  in  question  yields  no  compound  capable  of  existing 
in  a  state  of  vapour  at  a  moderate  temiierature.  The  determination 
of  the  molecular  weights  of  its  compounds  by  the  vapour  density 
method  is  then  impossible.  Hence  for  such  elements,  of  wliich 
silver  and  copper  are  examples,  another  method  must  be  sought. 
This  is  provided  by  the  relation  observed  between  the  specific  heats 
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of  the  elements  in  the  solid  state  and  their  atomic  weights.  Dulong 
and  Petit,  in  the  course  of  their  investigations  on  specific  heat, 
observed  that  if  the  specific  capacities  for  heat  of  solid  elements  ha 
computed  upon  equal  weights,  numbers  are  obtained  all  different, 
and  exhibiting  no  simple  relations  amongst  themselves  ;  but  if,  instead 
of  equal  weights;  quantities  be  taken  in  the  proportion  of  the  atomic 
weights,  the  resulting  specific  heats  come  out  very  nearly  equal,  at 
least  in  the  case  of  solid  and  liquid  elements,  showing  that  some 
very  intimate  connection  must  exist  between  the  relation  of  bodies  to 
heat  and  their  chemical  nature. 

In  the  following  table  the  solid  and  liquid  elementary  bodies  are 
arranged  in  the  order  of  their  specific  heats,  as  determined  by 


Specific  Heats  of  Elementary  Bodies. 


Specific  Heat 

Atomic 
Weiglits. 

Product  of 

Elements. 

(that  of 

Sp.  Heat  X  . 

JSX,  WClgilC. 

Lithium, 
Sodium, 

•              •  • 

0'9408 

7 

6-59 

0"2934 

23 

6-75 

Aluminium, 

0'2143 

27 

5*79 

Pliosphorus  - 

'  liquid,  . 
solid,  . 

0"2120 
0*1887 

1    31  / 

6-57 
5-85 

Sulphur, 

0-2026 

32 

6-48 

Potassium,  , 

0-1660 

39 

6-48 

Iron,  . 
Nickel, 

V  1100 

00 

0  ol 

0-1080 

58 

6-27 

Cobalt, 

0-1070 

59 

6-31 

Copper, 

0-0952 

63 

6-00 

Zinc,  . 

0-0956 

65 

6-21 

Arsenic, 

•              •  • 

0-0822 

75 

6-17 

Seleuion,  . 

•              •  • 

0-0762 

79 

6-02 

Bromine  (solid),  , 

0-0843 

80 

6-74 

Palladium,  . 

0-0593 

106 

6-28 

Silver, 

0-0570 

107-6 

6-13 

Cadmium  . 

0-0567 

112 

6-35 

Indium,  , 

0-0570 

113 

6-44 

Tin,  . 

0-0548 

117-3 

6-43 

Antimony,  , 

0-0523 

120 

6-28 

Tellurium,  . 

0-0475 

126 

5-98 

Iodine, 

0-0541 

127 

6-87 

Gold,  . 

0-0324 

197 

6-38 

Platinum,  . 

0-0324 

194-3 

6-29 

Mercury  (solid),  , 

0-0319 

200 

6-38 

Tliallium,  . 

0-0335 

204 

6-83 

Lead,  . 

0-0314 

207 

6-50 

Bismuth, 

0-0308 

208 

6-40 
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Regnaiilt,  beginning  with  those  whose  specific  heat  is  the  greatest  ; 
and  this  order,  it  will  be  observed,  is  the  inverse  of  that  of  the 
atomic  weights  in  the  third  column. 

A  comparison  of  the  numbers  in  the  fourth  column  of  this  table 
shows  that,  for  a  considerable  number  of  elementary  bodies  in  the 
solid  state,  the  specific  heats  are  inversely  proportional  to  the 
atomic  weights,  so  that  the  products  of  the  specific  heats  of  the 
elements  into  their  atomic  weights  give  nearly  a  constant  quantity, 
the  mean  value  being  6'4.  This  quantity  may  be  taken  to  repre- 
sent the  atomic  heat  of  the  several  elements  in  the  solid  state,  or  the 
quantity  of  heat  which  must  be  imparted  to  or  removed  from  atomic 
proportions  of  the  several  elements,  in  order  to  produce  equal  varia- 
tions of  temperature. 

Carbon,  boron,  and  silicon  were  formerly  regarded  as  exceptions  to 
this  law,  their  atomic  heats,  calculated  from  the  specific  heats  deter- 
mined at  ordinary  temperatures,  being  considerably  below  the  mean 
value  of  those  of  the  other  elements,  as  shown  by  the  following  table  : — 


Elements. 

Specific  Heat. 

Atomic 
Weights. 

Pi  oiluet  of 
Sp.  Heat  X 
At.  Weiglit. 

Boron,  .... 

(  wood  cliarcoal, 
Carbon  -j  graphite, 

\^  diamond, 
c-v        f  crystallised, 
S^^^*^""  {fused,  .      .  . 

0-2500 
0-2415 
0-2008 
0-1469 
0-1774 
0-1750 

}::  1 
}  -  { 

2-75 
2-90 
2-41 
1-7G 
4-97 
4-70 

F.  Weber  has,  however,  shown  that  the  specific  heats  of  these 
three  bodies  increase  rapidly  at  higher  temperatures,  and  that  at 
particular  temperatures  (about  600°  for  carbon)  they  become  con- 
stant, giving  for  the  atomic  heats  a  mean  value  of  about  6,  which  is 
nearly  the  same  as  that  of  other  elements  of  small  atomic  weight, 
like  aluminium  and  phosphorus,  thus  : — 

Sp.  Heat.  At.  Weight.  At.  Heat. 

Silicon,     .       .       ,       0-20:i          28  5-7 

Carbon,     .       .       .       0-467          12  5-6 

Boron,      ...       0-5             11  5-5 

The  metal  beryllium  is  another  e.xample  of  the  same  anomaly. 
The  application  of  this  principle  to  the  determination  of  atomic 
weights  is  obvious  and  simple.    The  formula 

Sp.H.  X  At.Wt.  =  Constant  =  6-4  Approx. 

affords  the  means  of  calculating  the  value  of  the  atomic  weight 
if   the  specific   heat   is  known.      But  since   the  determina- 
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tiou  of  specific  lieats  is  attended  by  considerable  experimental 

6 -4 

errors,  it  is  not  usual  to  accept  the  quotient      ^  as  the  exact  value 

of  the  atomic  weight.  The  chemical  equivalent  of  the  element  can 
usually  be  determined  with  great  accuracy,  and  the  atomic  weight 
is  best  found  by  taking  that  multiple  of  the  equivalent  which 

6-4 

approaches  most  nearly  to  the  value  of  the  quotient 

For  example,  the  combining  proportion  of  indium  is  37"7,  its 
specific  heat  '0570,  and  the  quotient  obtained  by  dividing  6 '4  by  the 
specific  heat  is  112'3.  Tlie  atomic  weight  of  indium,  however,  is 
represented  by  the  number  113'1  or  377x3,  which  is  regarded  as 
likely  to  be  nearer  to  the  true  value  than  the  number  deduced  from 
the  specific  heat.  It  is  obvious,  then,  that  the  use  of  the  law  of 
Duloug  and  Petit  in  relation  to  the  valuation  of  atomic  weights  is  to 
indicate  which  multiple  of  the  equivalent  ought  to  be  adopted. 

3.  It  was  long  ago  discovered  that  there  is  a  definite  connection 
between  chemical  composition  and  crystalline  form.  If  two  com- 
pounds contain  similar  elements,  and  if  from  chemical  considerations 
they  are  sujjposed  to  contain  the  same  number  of  atoms,  they 
frequently  crystallise  in  the  same  or  closely  allied  forms.  Such 
compounds  are  said  to  be  isomorphous  (la-os,  equal,  fiopipii,  form).  The 
following  are  examples  of  groups  of  isomorphous  compounds  : — 


Magnesium  Group  of  Sulphates. 

MgS04.7H20 
ZuSO^ .  7HoO 
FeSO^  .  7H,0 
NiSO^  .  7H2O,  etc. 

The  Alums. 

K2S04.Al2(SO4)3.-24H20 
K2S04.Cr2(SOj3.'24H20 
K2SO4 .  Fe,(S04)3  .•24H2O 
(NH,)2SO,.Al2(SO,)3.24H20 
(NH,)2SO,.Cr2(SO^)3.24H20 
(NH JaSO^ .  Fe2(S04)3 .  24H2O,  etc. 

Phosphates  and  Arsenates. 

NaaHPO^  .  I2H2O 
NaaHAsO^.  I2H2O. 

3[Pb3(P04)2]PbCl2  (Pyromorphite) 
3[Pb3(A80^)2]Pb(Jl2  (Mimetisite). 

MgNIl4P0.  .6H2O 
MgNI-IiAsOi.6ll20. 
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Nitrates. 


Sulphates  ami  Selenates. 

MgSO.  .7H2O 
MgSeO^.THaO. 


Pb(N03}2, 


From  these  and  other  examples  which  might  be  cited,  it  appears 
that  one  metal  may  replace  another  metal,  or  one  non-metal  may 
replace  another  non-metal,  and  even  that  a  gi'oup  of  atoms  may 
replace  one  atom,  as  NH4  replaces  K,  without  a  change  of  crystalline 
form.  The  term  isomorphous  is  often  applied  to  the  elements  which 
thus  rej^lace  each  other,  though  it  does  not  follow  that,  when  in  the 
elemental  state,  they  would  crystallise  in  the  same  forms.  One  of 
the  best  indications  of  isomorphism  between  two  compounds  is  the 
capability  of  crystallising  together.  A  crystal  of  common  alum, 
immersed  in  a  solution  of  chrome  alum  of  suitable  strength,  becomes 
coated  with  a  j)urple  layer  of  the  latter  salt  while  retaining  its 
octahedral  form  ;  and  if  solutions  of  the  two  alums  be  mixed,  crystals 
deposited  from  the  mixture  contain  both  aluminium  and  chromium. 
Mixtures  of  isoinorphoiis  salts  can  never  be  sej^arated  by  recrystal- 
lisation  unless  they  differ  greatly  in  solubility. 

Absolute  identity  of  value  in  the  angles  of  isomorphous  substances 
is  not  to  be  expected.  The  atomic  weights  and  atomic  volumes  of 
the  contained  elements  necessarily  have  an  influence,  and  the 
unequal  effects  of  heat  in  causing  expansion  in  the  direction  of 
the  several  axes  of  the  same  crystal  will  tend  to  produce  slight 
differences.  A  good  example  is  found  in  the  case  of  the  carbonates 
of  calcium,  magnesium,  manganese,  iron,  and  zinc,  which  are  found 
native  crystallised  in  the  form  of  obtuse  rhombohedrous  (fig.  101,  4), 
not  distinguishable  from  each  other  by  the  eye,  but  exhibiting  small 
differences  in  their  angles  when  accurately  measured.  These  com- 
pounds are  isomorphous,  and  the  measurements  of  the  obtuse  angles 
of  their  rhombohedrous  are  as  follows  : — 

Calcium  carbonate,  .....  105°  5' 
Magnesium    „   107°  25' 


Mitscherlich,  in  1821,  formulated  the  statement  that  an  equal 
number  of  atoms  similarly  combined  produces  similarity  of  crystal- 
line form,  and  that  crystalline  form  is  independent  of  the  chemical 
nature  of  the  atoms. 

This  is  often  referred  to  as  the  "  Law "  of  isomorphism.  It  is, 
however,  in  this  form  much  too  general,  and  the  converse  statement, 
that  similarity  of  crystalline  form  indicates  similarity  of  constitu- 
tion, is  also  liable  to  many  exceptions.  Calcium  carbonate,  CaCOj, 
for  example,  crystallises  in  rhombohedrous,  the  same  form  as  sodium 
nitrate,  NaNOa ;  but  although  they  contain  the  same  number  of  atoms 
these  salts  have  undoubtedly  a  different  constitution. 


Manganous 
Ferrous 
Zinc 


106°  51' 
107° 
107°  40' 
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The  relations  of  isomorphism,  when  observed,  may  sometimes 
serve  as  a  clue  to  the  true  position  of  a  new  element,  and  hence  to  a 
determination  of  its  atomic  weight,  as,  for  example,  when  thallium 
sulphate  is  found  to  yield,  by  combination  with  aluminium  sulphate, 
an  alum  which  crystallises  with  the  same  amount  of  water  and  in 
the  same  form  as  common  alum,  it  is  inferred  tliat  the  amount  of 
thallium  which  replaces  39  parts  by  weight  of  potassium  in  this  com- 
pound is  the  atomic  weight  of  the  metal. 

4.  Atomic  weights  have  been  determined  in  several  cases  by 
reference  to  the  Periodic  Law.  This  cannot  be  conveniently 
discussed  until  the  relations  of  atomic  volume  and  valency  have 
been  considered. 

Specific  or  Atomic  Volume. 

The  volume  occupied  by  the  relative  atomic  weight  of  an  element 
in  the  free  state  is  obtained  by  dividing  the  atomic  weight  by  the 
density.  If  the  element  be  considered  in  the  gaseous  state,  it  is 
obvious  from  what  has  already  been  stated  (page  243)  that  the  atomic 
volumes  of  the  known  elements  in  the  form  of  gas  will  be  expressed 
by  the  numbers  1 ,  2,  J,  or  -J-  iri  different  cases. 

The  most  interesting  relations  are  observed  among  the  specific 
volumes  of  liquids  and  solids.  The  following  table  exhibits  the 
specific  volumes  of  those  solid  and  liquid  elements  whose  specific 
gravities  have  been  determined  with  sufficient  accuracy.  The  ele- 
ments are  arranged  in  the  order  of  their  specific  volumes,  beginning 
with  the  smallest : — 

The  numbers  in  the  third  column  of  this  table  do  not  at  first  sight 
exhibit  the  simplicity  of  relation  which  exists  between  the  specific 
volumes  of  gaseous  bodies.  There  are,  indeed,  several  causes  which 
contribute  to  inaccuracy  in  the  observation  of  the  specific  gravities 
or  relative  densities  of  these  bodies.  In  the  first  place,  the  densities 
of  three  of  them,  viz.,  mercury,  bromine,  and  chlorine,  are  such  as 
belong  to  them  in  the  liquid  state,  whereas  the  densities  assigned  to 
all  the  others  have  been  determined  in  the  solid  state.  In  solids, 
moreover,  the  density  is  greatly  aft'ected  by  the  state  of  aggregation, 
whether  crystalline  or  amorphous,  and  in  dimorphous  bodies  each 
form  has  a  density  peculiar  to  itself.  Further,  as  solids  and  liquids 
are  variously  affected  by  heat,  each  having  a  peculiar  rate  of  expan- 
sion, and  that  rate  being  different  at  different  temperatures,  it  is  not 
to  be  expected  that  their  specific  volumes  should  exliibit  simple  rela- 
tions, unless  they  are  compared  at  temperatures  at  which  they  are 
similarly  affected  by  heat.  Even  gases  are  found  to  exhibit  abnormal 
specific  volumes  if  compared  at  temperatures  too  near  the  points  at 
which  they  pass  into  the  liquid  state.  In  liquids,  the  simplest 
relations  of  specific  volume  are  found  at  those  tempei'atures  for  which 
the  tensions  of  the  vapours  are  equal,  that  is,  at  their  boiling  points; 
and  in  solids,  the  melting  points  are  most  probably  the  comparable 
temperatures.    Now  the  densities  of  most  of  the  solid  elements  iu 
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Specific  Volumes  of  Solid  and  Liquid  Elements. 


Atomic 

Relative!  Specific 

Atomic 

Relalive 

Specific 

weight. 

density.!  volume. 

weight. 

density. 

volume. 

Carbon,  as 

■ 

Sulphur,  tri- 

diamond,  . 

12 

3-52 

3-4 

metric,  , 

32 

2-07 

15-2 

Beryllium,  . 

9 

2-1 

4-3 

Indium, 

113-4 

7-4 

15-3 

Carbon,  as 
graphite,  . 

Phosphorus, 

12 

2-3 

5-2 

red,    .  . 

31 

1-94 

15-8 

Nickel,    .  . 

58 

8-6 

6-8 

Sulphur, 

Mauganese,  . 

54 

8-0 

6-7 

monoclinic. 

32 

1-98 

16-2 

Cobalt,    .  . 

59 

8-5 

6-9 

Tin,  .    .  . 
Selenion, 

117-8 

7-3 

16 

Iron,  ,    .  . 

56 

7-8 

7-2 

Copper,  ,  . 

63-4 

8-95 

7-2 

granular. 

79-0 

4-80 

16-4 

Chromium,  . 

52-4 

7-01 

7-4 

Phosphorus, 

Iridium,  .  . 

193 

21-8 

8'8 

yellow,  . 

31 

1-84 

16-8 

Platinum,  . 

195 

21-5 

9-10 

Antimony,  . 

120 

6-7 

17-9 

Zinc,  .    .  . 

64-9 

7-1 

9-1 

Lead,    .  . 

206-4 

11-33 

IS 

Palladium,  , 

106-2 

11-8 

9-2 

Selenion, 

Rhodium,  . 

104-1 

11-0 

9-4 

amorphous. 

79-4 

4-28 

18-1 

Silver, 

107-7 

10-5 

10-2 

Tellurium,  . 

126 

6-2 

20-3 

Gold,  .    .  . 

196-2 

19-34 

10-1 

Bismuth,  . 

210 

9-8 

21-2 

Aluminium, . 

27 

2'67 

Sodium, 

23 

0-97 

23-7 

Molybdenum, 

95-6 

8'6 

11-1 

Calcium, 

40 

1-58 

25 

Silicon,  gi-a- 

Iodine,  .  . 

126-5 

4-95 

25-5 

pliitoldal,  . 

28 

2-5 

11-2 

Bromine, 
liquid,  • 

juiuiiium,  • 

J 

0-59 

11-9 

iV  10 

u 

Cadmium,  . 

111-6 

8-7 

12-9 

Chlorine, 
liquid, 

Uranium, 

240 

18-4 

13-2 

35-4 

1-33 

26-6 

Arsenic,  .  . 

74-9 

6-63 

13-3 

Strontium, . 
Potassium, . 

87-2 

2-54 

34-4 

Magnesium, . 

23-9 

1-74 

13-8 

39 

0-86 

45-6 

Mercury, 

Rixbidium,  . 

85-5 

1-52 

56-1 

liquid,  ,  . 

199-8 

14-8 

13-5 

Caisiuni, 

133 

1-S8 

70-6 

tlie  preceding  table  have  been  determined  at  mean  temperatures 
(as  at  15-5°),  wbicli,  in  the  case  of  potassium,  sodium,  phosphorus, 
and  a  few  others,  do  not  differ  greatly  from  the  melting  points,  but 
in  other  cases,  as  with  gold,  platinum,  iron,  &c.,  ai-e  far  removed 
from  the  melting  points.  In  spite  of  these  causes  of  inaccuracy, 
however,  the  specific  volumes  of  closely  related  elements  are  some- 
times nearly  equal  to  each  other,  as,  for  example,  the  metals,  nickel, 
manganese,  cobalt,  iron,  copper,  chromium.  In  other  cases  the 
atomic  volumes  of  chemically  related  elements  increase  as  the  atomic 
weight  increases.    Thus — 

Sulphur.  Selenion.  Tellurium 

S  =  32  Se  =  79-4  Te  =  126 

Sp.  vol.  15-2  to  16-2.  16-4  to  18-1  20-3 
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If  the  whole  of  the  elements  are  arranged  in  the  order  of  the 
numerical  value  of  their  atomic  weights  a  remarkable  periodicity  is 
at  once  apparent. 

This  is  shown  in  the  curve  displayed  in  the  plate  at  the  end  of  the 
book,  originally  drawn  by  the  late  Professor  Lothar  Meyer.  The 
curves  speak  for  themselves  ;  it  is  only  necessary  to  point  out  that 
the  specific  volume  does  not  go  on  increasing  as  the  atomic  weight 
increases,  but  reaches  a  maximum  and  then  falls  to  a  minimum,  from 
which  it  rises  again,  and  so  on,  several  times  in  succession.  All  the 
known  elements  range  themselves  upon  or  very  close  to  this  curve, 

Specific  Volumes  of  Solid  and  Liquid  Compounds. — The  most  general 
relation  that  has  been  observed  between  the  specific  volumes  of  solid 
compounds,  is  that  isoviorphous  comjMunds  have  equal  specific  volumes, 
in  other  words,  that  their  densities  are  proportional  to  their  molecular 
weights  ;  such  is  the  case,  for  example,  with  the  native  carbonates  of 
strontium  (strontianite)  and  of  lead  (cerussite) : 

Molecular  Specific  Specific 

Fonnula.  weiglit.  density.  volume. 

SrCOa  147-2  3-60  40-4 

PbCOs  266-4  6-47  41-2 

If  the  crystalline  forms  are  only  approximately  similar,  the  specific 
volumes  also  are  only  approximately  equal,  the  difference  being  less 
as  the  angles  of  the  two  crystalline  forms  are  more  nearly  equal  and 
their  axes  more  nearly  in  the  same  ratio.  In  dimorphous  compounds, 
each  modification  has  a  density,  and  therefore  a  specific  volume, 
peculiar  to  itself. 

The  hydrated  sulpiiates  of  magnesium,  zinc,  nickel,  cobalt,  and 
iron,  which  have  the  general  formula,  M"S04  +  7H20  (M"  denoting 
a  bivalent  metal :  see  next  page),  and  crystallise  in  similar  forms, 
have  specific  volumes  very  nearly  equal  to  146  ;  the  double  sulphates 
isomorphous  with  potassio-cupric  sulphate,  K2Cu(S04)2+6H20,  have 
specific  volumes  ranging  between  198  and  216  ;  and  the  alums,  e.g., 
KA1(S04)2  +  12H20,  have  specific  volumes  ranging  between  276  and 
281. 

The  specific  volume  in  the  liquid  state  has  been  studied  chiefly 
with  relation  to  carbon  compounds.  The  most  general  relation  ob- 
served is  that :  Differences  of  specific  volume  are  in  numerous  instances 
proportional  to  the  differences  hettveen  the  corresponding  chemical  formula:. 
Thus  liquids  whose  formulaj  differ  by  jiCHg  diS'er  in  specific  volume 
by  n  times  22  ;  for  example,  methyl  formate,  CH3.CHO2,  and  ethyl 
bntyrate,  C2H5.C4HJO2,  which  differ  by  4CH2,  have  specific  volumes 
differing  by  nearly  4  x  22. 

Valency  or  A  tomic  Value. 

We  have  seen  that  the  atomic  weight  of  an  element  is  in  some 
cases  equal  to  its  conibining  weight,  in  others,  twice,  three  times,  four 
tmies,  &c.,  as  great ;  in  other  words,  an  atom  of  certain  elements  can 
replace  or  be  substituted  for  only  one  atom  of  hydrogen,  whereas  the 
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atoms  of  other  elements  can  replace  2,  3,  4,  &c.,  atoms  of  hydrogen. 
Thus,  when  sodium  dissolves  in  hydrochloric  acid,  each  atom  of  sodium 
replaces  1  atom  of  hydrogen  ;  hut  when  zinc  dissolves  in  the  same 
acid,  each  atom  of  zinc  takes  the  place  of  2  atoms  of  hydrogen  :  thus 

Na  +    HCl  =  NaCl  +  H 
Zn  +  2HC1  =  ZnClj  + 

Here  it  is  seen  that  an  atom  of  zinc  is  equal  in  combining  or  satu- 
rating power  to  2  atoms  of  hydrogen.  In  like  manner,  antimony 
and  bismuth  form  trichlorides,  SbCl3  and  BiClj,  in  which  the  atom 
of  the  metal  performs  the  same  chemical  functions  as  3  atoms  of 
hydrogen,  that  is  to  say,  it  saturates  3  atoms  of  chlorine ;  so  also 
tin  in  the  tetrachloride  is  equivalent  to  4H,  and  phosphorus  in  the 
pentachloride,  PCI5,  to  5H. 

This  difference  of  combining  or  saturating  power,  originally  called 
atomicity,  now  more  appropriately  called  valency,  is  sometimes 
denoted  by  placing  dashes  or  Koman  numerals  to  the  right  of  the 
symbol  of  an  element,  and  at  the  top,  as  0",  B'",  &c.;  and  the 
several  elements  are  designated  as — 

Univalent  elements,  or  Monads,  as  H 
Bivalent  „  Diads,     „  O" 

Trivaleut  „  Triads,    „  B'" 

Quadrivalent         „  Tetrads,  „  C'" 

Quinquivalent       „  Pentads,  „  P'' 

Sexvalent  „  Hexads,  „  W' 

Elements  of  even  valency,  viz.,  the  dyads,  tetrads,  and  hexads,  are 
also  included  under  the  general  term  a  r  t  i  a  d  s,*  and  those  of  un- 
even valency,  viz.,  the  monads,  triads,  and  pentads,  are  designated 
generally  as  p  e  r  i  s  s  a  d  s.t 

Another  method  of  indicating  the  replacing  values  of  the  elementary 
.atoms,  and  the  manner  in  which  they  are  satisfied  by  combination, 
is  to  arrange  the  symbols  in  diagrams  in  which  each  element  is  con- 
nected with  others  by  a  number  of  lines,  or  connecting  bonds,  cor- 
responding with  its  degree  of  valency  ;  a  monad  being  connected  with 
other  elements  by  only  one  such  bond,  a  diad  by  two,  a  triad  by 
three,  a  hexad  by  six,  &c.,  as  in  the  following  examples  : — 

Water,  H2O  H— 0— H 

Carbon  dioxide,  CO^  ....  0=C=0 

CI 

H     I  H 

Ammonium  chloride,  NH4CI     .      .         ^  N  <^ 

H  H 
0 

II 

Sulphuric  oxide,  SO3  ....  S— 0 

II 

O 

*  "ApTioi,  even.  t  Ilt/jjo-o-os,  uneven. 
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O 

II 

Sulphuric  acid,  H^SO^     .      .      H— 0— S— 0— H 

II 

O 

o 

II 

Nitric  acid,  HNO,   ....  N— 0— H 

II 

0 

0  0 

II  II 

Zinc  nitrate,  ZnNoOo      .      .      N— 0— Zn— 0— N 

II  II 
O  O 

In  most  cases,  however,  these  formulae  may  be  abridged  by  the  use 
of  dots  instead  of  dashes,  thus 

O.H 

H.O.H  0:C:0  0:N:0 

Water.  Carbon  dioxide.  Nitric  acid. 

It  must  be  distinctly  understood  that  these  formulsa^which  are 
called  graphic,  structural,  or  cpnstitutionaf  formulte 
— are  not  intended  to  represent  the  actual  arrangement  of  the  atoms 
in  a  compound ;  indeed,  even  if  we  had  a  distinct  notion  of  the  manner 
in  which  the  atoms  of  any  compound  are  arranged,  it  could  not  be 
adequately  represented  on  a  plane  surface.  The  lines  connecting 
the  different  atoms  indicate  nothing  more  than  the  number  of  units 
of  valency  belonging  to  the  several  atoms,  and  the  manner  in  which 
they  are  disposed  of  by  combination  with  those  of  other  atoms. 
Thus  the  formula  for  nitric  acid  indicates  that  two  of  the  three  con- 
stituent oxygen-atoms  are  combined  with  the  nitrogen  alone,  and  are 
assumed  to  be  attached  to  that  element  by  both  their  units  of  valency, 
whereas  the  third  oxygen  atom  is  combined  both  with  nitrogen  and 
with  hydrogen. 

By  inspection  of  the  preceding  diagrams,  it  will  be  observed  that 
every  atom  of  a  compound  has  each  of  its  units  of  valency  satisfied 
by  combination  with  a  unit  belonging  to  some  other  atom.  Such, 
indeed,  is  the  case  in  every  saturated  or  normal  compound.  Accord- 
ingly it  is  found  that  in  all  such  compounds  the  sum  of  the  perissad 
elements  is  always  an  even  number.  Thus  a  compound  may  contain 
two,  four,  six,  &c.,  monad  atoms,  as  CIH,  OHg,  CH,„  CjHn,  C^Hg, 
SilljCl ;  or  one  triad  atom  and  three  monads,  as  BCI3  ;  or  one  pentad 
and  five  monads,  as  NH.,C1  ;  but  never  an  uneven  number  of  perissad 
atoms.  This  is  the  "law  of  even  numbers,"  announced  some  years 
ago  by  Gerhardt  and  Laurent  as  a  result  of  observation.  It  was  long 
received  with  doubt,  but  has  now  been  confirmed  by  the  analysis  of 
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SO  many  well-defined  compounds,  that  a  departure  from  it  is  looked 
upon  as  a  sure  indication  of  incorrect  analysis. 

For  a  similar  reason,  the  atoms  of  elementary  bodies  rarely  exist 
in  the  free  state,  but  when  separated  from  any  compound,  tend  to 
combine  with  other  atoms,  either  of  the  same  or  of  some  other 
element.  Perissad  elements,  like  hydrogen,  chlorine,  nitrogen,  &c., 
separate  from  their  compounds  in  pairs  ;  their  molecule  contains  two 
atoms,  e.g.,  H — H.  Artiad  elements  may  unite  in  groups  of  two, 
three,  or  more  ;  thus  the  molecule  of  oxygen,  in  its  ordinary  state, 
probably  contains  two  atoms,  that  of  ozone  three  atoms  ;  thus — 

Oxygen,  0=0 

Ozone,  0 — 0 

\y 

o 

The  tendency  of  elementary  atoms  to  separate  in  groups  is  shown 
in  various  ways.  Thus  when  copper  hydride,  CujH,  (to  be  hereafter 
described),  is  decomposed  by  hydrochloric  acid,  a  quantity  of  hydrogen 
is  given  off  equal  to  twice  that  which  is  contained  in  the  hydride 
itself ;  thus — 

CU2H2  +  2HC1  =  CU2GI2  +  2HH. 

This  action  is  precisely  analogous  to  that  of  hydrochloric  acid  on 
cuprous  oxide  : 

CU2O  +  2HC1  =  CU2CI2  +  H2O. 

In  the  latter  case,  the  hydrogen  separated  from  the  hydrochloric 
acid  unites  with  oxygen,  in  the  former  with  hydrogen.  Again,  when 
solutions  of  sulphurous  acid  and  sulphydric  acid  are  mixed,  the 
whole  of  the  sulphur  is  precipitated  : 

H2SO3  +  2H2S  =  3H2O  +  SS2, 

the  action  being  similar  to  that  of  sulphurous  acid  on  selenhydric 
acid  : 

H2SO3  +  2H2Se  =  3H2O  +  SSco. 

In  the  one  case,  a  sulphide  of  selenion  is  precipitated  ;  in  the  other, 
a  sulphide  of  sulphur.  The  precipitation  of  iodine,  which  takes 
place  on  mixing  hydriodic  acid  with  iodic  acid,  affords  a  similar 
instance  of  the  combination  of  homogeneous  atoms  : 

5HI  +  HIO3  =  3H2O  +  311. 

Another  striking  illustration  of  this  mode  of  action  is  afforded  by 
the  reduction  of  certain  metallic  oxides  by  hydrogen  dioxide.  When 
silver  oxide  is  thrown  into  this  liquid,  water  is  lormed,  the  silver  is 
reduced  to  the  metallic  state,  and  a  quantity  of  o.\ygen  is  evolved 
equal  to  twice  that  which  is  contained  in  the  silver  oxide  : 

AgjO  +  H2O0  =  H2O  +  Ag2  -f  00. 

Further,  elementary  bodies  frequently  act  upon  others  as  if  their 
atoms  were  associated  in  binary  groups.    Thus  chlorine  acting  upon 
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potassium  oxide  forms  two  compounds,  the  chloride  and  hypochlorite 
of  potassium  : 

ClCl  +  KKO  =  KCl  +  KCIO. 

Again,  in  the  action  of  chlorine  upon  many  organic  compounds,  one 
atom  of  chlorine  removes  one  atom  of  hydrogen  as  hydrogen  chloride, 
while  another  atom  of  chlorine  takes  the  place  of  the  hydrogen  thus 
removed.  For  example,  in  the  formation  of  chloracetic  acid  by  the 
action  of  chlorine  on  acetic  acid  : 

C2H,02  +  ClCl  =  HCl  +  C2H3CIO2. 

Similarly,  when  metallic  sulphides  oxidise  in  the  air,  both  the 
metal  and  the  sulphur  combine  with  oxygen  ;  and  sulphur  acting 
upon  potash  forms  both  a  sulphide  and  a  thiosulphate.  In  all  these 
cases  the  atoms  of  the  elementary  bodies  act  in  pairs. 

The  number  of  atoms  entering  into  an  elementary  molecule,  how- 
ever, varies  from  one  to  six  or  perhaps  more  (see  p.  243). 

Variation  of  Valericy. — Multivalent  elements  often  exhibit  varying 
degrees  of  valency.  Thus  carbon,  which  is  quadrivalent  in  marsh-gas, 
CH4,  and  in  carbon-dioxide  CO2,  is  apparently  only  bivalent  in  carbon 
monoxide,  CO  ;  nitrogen,  which  is  quinquivalent  in  sal-ammoniac, 
NH^Cl,  and  the  other  ammonium  salts,  and  in  nitrogen  pentoxide, 
NoOg,  is  trivalent  in  ammonia,  NH3 ;  sulphur,  also,  which  is 
apparently  sexvalent  in  sulphur  trioxide,  SO3,  is  quadrivalent  in 
sulphur  dioxide,  SO2,  and  bivalent  in  hydrogen  sulphide,  H2S,  and 
in  many  metallic  sulphides.  In  these  cases,  and  in  others  of  vary- 
ing valency,  the  variation  mostly  takes  place  by  two  units  of  valency. 
It  is  not  very  easy  to  account  for  these  variations  ;  but  it  is  observed 
in  all  cases  that  the  compounds  in  which  the  valency  of  a  polygenic 
element  is  incompletely  satisfied  tend  to  pass  into  a  state  of  satura- 
tion, by  taking  up  the  required  number  of  univalent  or  bivalent 
atoms  ;  thus  carbon  monoxide,  CO,  easily  takes  up  another  atom  of 
oxygen  to  form  the  dioxide,  COj,  or  two  atoms  of  chlorine  to  form 
the  oxychloride,  COClg ;  phosphorus  trichloride,  PCI3,  is  readily 
converted  into  the  pentachloride,  PCI- ;  ammonia,  NH3,  unites 
readily  with  hydrogen  chloride  to  form  sal-ammoniac,  NH^Cl,  &c. 
Similar  phenomena  are  exhibited  by  many  "  organo-metallic  "  bodies, 
as  will  be  explained  further  on. 

In  compounds  containing  two  or  more  atoms  of  the  same  multi- 
valent element,  it  is  supposed  one  or  more  units  of  valency  belonging 
to  each  of  these  atoms  may  be  neutralised,  by  combination  with  those 
of  another  atom  of  the  same  kind,  so  that  the  element  in  question 
will  appear  to  enter  into  the  compound  with  less  than  its  normal 
degree  of  valency.  Thus  in  ethane  or  dimethyl,  CjHq,  which  is  a 
perfectly  stable  compound,  having  no  tendency  to  take  up  an  addi- 
tional number  of  atoms  of  hydrogen  or  any  other  element,  the  carbon 
appears  to  be  trivalent  instead  of  quadrivalent  ;  similarly  in  pro- 
pane, CjHg,  its  valency  appears  to  be  reduced  to  5}  ;  and  in  butane  or 
diethyl,  C,,Hjg  to  |.    lu  all  these  cases,  however,  the  diminution  of 
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Propane. 

Butane. 

H 

H 

1 

H— C— H 

1 

H— C— H 

H-C— H 

1 

H— C— H 

1 

H— C— H 

1 

H— C— H 

1 

H 

H— C— H 

equivalent  value  in  the  carbon  atoms  is  only  apparent,  as  may  be  seen 
from  the  following  formulae  : 

Ethane. 
H 

I 

H— C— H 

H— C— H 
I 

H 


H 

or,  more  shortly,  omitting  the  equivalent  marks  of  the  monad  atoms  : 

H3C  .  CH3      H3C  .  CH2  .  CH3       H3C  .  CH2 .  CH,  .  CH3 
Ethane.  Propane.  Butane. 

In  each  of  these  compounds,  every  carbon-atom,  except  the  two 
outside  ones,  has  two  of  its  units  of  valency  satisfied  by  combination 
with  those  of  the  neighbouring  carbon-atoms,  while  each  of  the  two 
exterior  ones  has  only  one  unit  thus  satisfied.  Hence,  in  any 
similarly  constituted  compound  containing  n  carbon-atoms,  the 
number  of  units  of  valency  remaining  to  be  satisfied  by  the 
hydrogen  -atoms  is  4n  -  2(n  -2)  -  2  =  2n  +  2.  The  general  f  oi-mula 
of  this  series  of  hydrocarbons  is,  therefore,  C„H2n-(-2j  and  the  equiva- 
lent value  of  the  carbon  is  ?!?dl?. 

71 

In  other  cases,  multivalent  atoms  may  be  united  by  two  or  more 
of  their  units  of  valency,  so  that  their  combining  power  may  appear 
to  be  still  further  reduced,  as  in  the  hydrocarbon,  C2H4,  in  which 
the  carbon  may  be  apparently  bivalent,  and  in  C2H2,  in  which  it  may 
appear  to  be  univalent ;  thus — 

H— C— H  C— H 

II  III 
H— C— H  C-H 

Sometimes  also  the  apparent  alteration  of  combining  capacity  may 
be  due  to  the  fact  that  the  sinijjlest  formula  by  which  a  compound 
may  be  represented  is  not  its  true  molecular  formula.  For  example, 
the  two  chlorides  of  tin  are  usually  represented  by  the  formulaj 
SnCl2  and  SnCl.,.  Tlie  second  of  these  is  undoubtedly  correct,  that 
is  to  say,  the  molecule  of  stannic  chloride,  as  shown  by  its  vapour- 
density,  contains  1  atom  of  tin  and  4  atoms  of  chlorine,  and  con- 
sequently tin  is  a  tetrad  or  quadrivalent  element.  But  the  lower 
chloride,  in  which  the  tin  appears  to  be  only  bivalent,  has  a  vapour- 
density  which  corresponds  closely  with  the  liigher  formula,  Sn.jClj, 
for  this  compound,  or  Cl2Sn  =  SnCl2,  in  which  the  tin  still  figures  as 
a  tetrad,  though  relatively  to  the  chlorine  it  is  only  bivalent. 
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Valency  is  very  largely  determined  by  physical  conditions,  and 
can  only  be  regarded  as  limited  in  respect  to  the  gaseous  state.  Thus, 
ammonia  represents  the  limit  of  the  capacity  of  nitrogen  for 
hydrogen,  and  hydrogen  chloride  the  limit  of  the  combining  power 
of  chlorine  for  hydrogen  in  the  gaseous  state.  Nitrogen  forms  with 
chlorine  very  unstable  compounds.  But  ammonia,  NH3,  unites  with 
hydrogen  chloride,  HCI,  to  form  a  solid  compound,  in  which  it 
appears  that  the  combining  capacity  of  one  or  more  of  the  elements 
present  is  greater  than  in  ammonia  or  in  hydrogen  chloride.  This 
compound,  sal-ammoniac,  cannot  under  ordinary  conditions  exist  in  a 
state  of  vapour,  but  it  may  be  recrystallised  from  water,  and  is  able 
to  unite  with  many  other  salts,  especially  with  chlorides,  forming 
compounds,  of  which  the  following  are  examples,  which,  though  not 
vaporisable,  have  all  the  characters  of  definite  chemical  compounds : — 

MgClj  2NH^C1 
HgCL  .  2NH4CI 
PtCl4 .  2NH1CI 

Such  compounds  as  these  are  often  spoken  of  as  "  molecular  com- 
pounds," and  are  by  some  chemists  regarded  as  formed  by  the  union 
of  molecules  which  preserve  their  integrity  within  the  molecular 
aggregate,  and  are  held  together  by  something  different  from  ordinary 
chemical  affinity.  There  is,  however,  no  test  by  which  a  "  molecular  " 
can  be  distinguished  from  an  "  atomic "  combination,  and  there  is 
evidence  that  the  elements  concerned  in  the  formation  of  the  com- 
pounds referred  to  have  a  greater  capacity  of  combination  than  is 
indicated  by  their  vaporisable  compounds  alone.  Water  of  crystal- 
lisation affords  another  and  familiar  instance  of  the  formation  of 
compounds  which  can  exist  only  in  the  solid  or,  perhaps,  in  the 
liquid  state.  Such  water  is  united  to  the  salt  in  definite  proportions, 
and  the  crystallised  compound  has  properties  distinct  from  those  of 
its  constituents,  CUSO4,  for  example,  and  HgO  are  both  colourless,  but 
when  they  i;nite  they  form  blue  vitriol,  CUSO45H2O,  which  has  a 
different  colour,  also  a  definite  crystalline  form  and  density  which  is 
not  related  to  those  of  the  ingredients.  The  water  in  such  cases  is 
undoubtedly  united  to  the  salt  by  the  oxygen,  which  is  now  beginning 
to  be  recognised  in  mauy  other  compounds  as  an  element  of  greater 
than  bivalent  capacity.  It  is  evidently  quadrivalent,  and  it  may  be 
that,  even  in  carbonic  oxide,  CO,  it  is  equal  in  combining  capacity  to 
the  carbon,  which  is  usually  quadrivalent. 

The  determination  of  the  valency  of  an  element  cannot  be  safely 
accomplished  by  reference  only  to  its  vaporisable  compounds,  nor, 
indeed,  by  anything  short  of  a  complete  survey  of  all  its  chemical 
relations.  Assistance  is  very  frequently  derived  from  a  knowledge 
of  the  valency  of  closely-allied  elements ;  and,  in  the  tabular  statement 
of  the  Periodic  Law,  it  will  be  seen  that  valency  is  one  of  the 
properties  which  varies  periodically  with  the  atomic  weight. 

Compound  Radicles. — Suppose  one  or  more  of  the  component 
atoms  of  a  fully  saturated  molecule  to  be  removed  :  it  is  clear  that  the 
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remaining  atom  or  group  of  atoms  will  no  longer  be  saturated,  but 
will  have  a  combining  power  corresponding  with  the  number  of  units 
of  valency  removed.  Such  unsaturated  groups  are  called  residues 
or  radicles.  Methane,  CH^,  is  a  fully  saturated  compound  :  but 
if  one  of  its  hydrogen-atoms  be  removed,  the  residue  CH3  (called, 
methyl),  cannot  exist  alone  but  immediately  unites  with  another 
residue  like  itself,  forming  the  compound  (CHg)^  or  CH3 .  CH3,  or 
it  will  be  ready  to  combine  with  one  atom  of  a  univalent  element, 
such  as  chlorine,  bromine,  &c.,  forming  the  compounds  CH3CI, 
CH3Br,  &c.  ;  two  atoms  of  it  unite  in  like  manner  with  one  atom 
of  oxygen,  sulphur,  and  other  bivalent  elements,  forming  the  com- 
pounds 0"(CH3)2,  S'^CHa),,  &c.;  three  atoms  with  nitrogen  yielding 
N"'(CH3)3,  &c. 

The  removal  of  two  hydrogen -atoms  from  CH^  leaves  the  bivalent 
radicle  CH,,  called  m  e  t  h  y  1  e  n  e,  which  yields  the  compounds 
CH2CI2,  CH2O,  CHjS,  &c.  The  removal  of  three  hydrogen-atoms 
from  CH4  leaves  the  trivalent  radicle  CH,  which,  in  combination 
with  three  chlorine-atoms,  constitutes  chloroform,  CHCI3.  And, 
finally,  the  removal  of  all  four  hydrogen-atoms  from  CHj  leaves  the 
quadrivalent  radicle  carbon  capable  of  forming  the  compounds 
CCI4,  CS2,  &c. 

In  like  manner,  ammonia,  NH3,  in  which  the  nitrogen  is  trivalent, 
yields,  by  removal  of  one  hydrogen-atom,  the  univalent  radicle 
a  m  i  d  o  g  e  n,  NH2,  which,  with  one  atom  of  potassium,  forms  pota.?s- 
amine,  NH2K,  and  when  combined  with  one  atom  of  the  univalent 
radicle  methyl,  CH3,  forms  methylamine,  NH2(CH3),  &c.  The  ab- 
straction of  two  hydrogen-atoms  from  the  molecule  NH3,  leaves  the 
bivalent  radicle  imidogen,  NH,  which  with  two  methyl-atoms 
form  dimethylamine,  NH(CH3)2,  tfec.  ;  and  the  removal  of  aU  three 
hydrogen-atoms  from  NH3,  leaves  nitrogen  itself,  which  frequently 
acts  as  a  trivalent  element  or  radicle,  forming  tripotassamine,  NK3, 
trimethylamine,  N(CH3)2,  &c. 

Finally,  the  molecule  of  water,  OHg,  by  losing  an  atom  of  hydrogen, 
is  converted  into  the  univalent  radicle  hydroxy],  OH,  which,  in 
its  relations  to  other  bodies,  is  analogous  to  chlorine,  bromine,  and 
iodine,  and  may  be  substituted  in  combination  for  one  atom  of 
hydrogen  or  other  monads.  Thus,  M'ater  itself  may  be  regarded  as 
H.OH,  analogous  to  hydrogen  chloride,  HCl ;  potassium  hydroxide 
as  K.OH,  analogous  to  potassium  chloride  ;  barium  hydroxide,  as 
Ba(0H)2,  analogous  to  barium  chloride,  BaClo. 

From  the  preceding  explanations  of  the  mode  of  derivation  of 
compound  radicles,  it  is  clear  that  there  is  no  limit  to  the  number  of 
them  which  may  bo  assumed ;  in  fact,  it  is  only  necessary  to  sup- 
pose a  number  of  units  of  valency  abstracted  from  the  formula  of  any 
saturated  molecule,  in  order  to  obtain  a  radicle  of  corresponding 
combining  power  or  equivalent  value.  But  unless  a  residue  is  found 
to  enter  into  a  considerable  number  of  compounds,  thus  forming  them 
into  a  group,  like  the  salts  of  the  same  metal,  there  is  nothing  gained 
by  conferring  upon  it  a  name. 
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It  must  also  be  distinctly  ixnclerstoocT  that  these  compound  radicles 
are  mere  formulae  and  do  not  usually  represent  anything  which  can 
exist  in  the  separate  state.  Thus  hydroxyl — 0 — H  is  not  known  in 
the  free  state,  the  actually  existing  compound  containing  the  same 
projjortions  of  hydrogen  and  oxygen  being  OgHg  or  H — 0 — 0 — H. 
In  like  manner  methyl,  CH3,  has  no  separate  existence,  but  dimethyl, 
CoHg,  is  a  known  compound  : — 

Jletliyl.  DimethTl. 
— CH3  CH3  .  CH3 

From  what  has  been  stated  it  appears  that  elements  jjossessing 
more  than  one  unit  of  valency  may  enter  into  combination  in  such 
a  way  as  to  link  together  two  or  more  atoms  or  groups  of  atoms  into 
a  chain,  which  in  some  cases  may  be  shown  to  extend  to  almost 
indefinite  length,  especially  among  the  compounds  of  carbon  (p.  258). 

The  study  of  the  "  constitution  "  of  compounds  on  the  assumption 
of  this  theory  of  the  linking  of  atoms  now  forms  an  important  part  of 
the  business  of  scientific  chemistry.  The  greatest  advances  have  been 
made  in  the  chemistry  of  carbon  compounds,  usually  denominated 
"  Organic  Chemistry,"  but,  even  among  inorganic  compounds,  it  is 
possible  to  obtain  a  certain  amount  of  evidence  of  definite  arrange- 
ment or  order  among  the  component  elements.  One  or  two  examples 
will  serve  to  indicate  the  general  nature  of  the  process. 

Lead  peroxide  and  barium  peroxide  have  the  same  empirical 
formula,  that  is,  they  are  both  represented  as  dioxides,  Pb02  and 
BaO,.  The  question  arises  whether  the  oxygen  is  attached  to  the 
metal  in  the  same  way  in  the  two  compounds.  If  lead  peroxide 
is  dissolved  in  hydrochloric  acid  an  unstable  lead  perchloride, 
PbClj,  is  produced  together  with  water  ;  while,  if  barium  peroxide  is 
dissolved  in  hydrochloric  acid,  barium  chloride  is  formed  and 
hydrogen  dioxide.  This  last  compound  is  always  I'epresented  as 
H — 0 — 0 — H,  because,  with  the  valency  which  hydrogen  and  oxygen 
atoms  are  respectively  believed  to  possess,  no  other  arrangement  is 
possible.  Hence  the  oxygen  in  barium  dioxide  is  supposed  to  be  in 
a  similar  condition,  and  the  formula  becomes 

\0 

in  which  the  metal  takes  the  place  of  the  two  atoms  of  hydrogen. 
In  lead  peroxide,  on  the  other  hand,  there  is  no  reason  to  suppose 
that  the  oxygen  atoms  are  united,  and  the  formula  is  written 

_  _0 

^^Z^      or  0=Pb=0. 
^0 

Sulphuric  acid,  H2SO4,  is  a  bibasic  acid  ;  that  is,  it  exchanges  the  half 
or  the  whole  of  its  hydrogen  for  metals,  giving  an  acid  or  a  neutral 
salt ;  sodium  sulphates  for  example, 

NallSOi      and       Na^SO,, . 


262 


CONSTI*DTIONAL  FORMtLiE. 


Both  atoms  of  liycTrogen,  therefore,  appear  to  be  in  the  same  con- 
dition. 

If  sulphuric  acid  is  treated  with  pcntachloride  of  phosphorus  it 
yields  a  compound,  HCISO3,  which,  when  mixed  with  water,  re- 
generates sulphuric  acid  with  hydrogen  chloride.  Evidently 

H2S04-H0  +  C1  =  HC1S03. 

If  this  compound,  HCISO3,  is  heated  alone  it  yields  sulphuric  acid 
and  a  volatile  compound,  SOgClg.    Here  again 

HCISO3  -  HO  +  CI = SO2CI2 . 

Sulphuric  acid  is  therefore  resolvable  into  HO-I-HO-I-SO2.  It  may 
be  reproduced  from  these  materials  ;  that  is,  bj^  the  action  of  hydrogen 
dioxide  upon  sulphur  dioxide.  Hydrogen  dioxide,  acting  upon 
sulphites,  also  produces  sulphates  ;  and  sodium  dioxide  unites  with 
sulphur  dioxide  with  vivid  incandescence,  Na202-l-S02  =  Na2S04. 
As  to  the  group,  SO2,  there  is  no  direct  evidence  to  indicate  the 
arrangement  of  these  atoms,  but  from  its  analogy  with  chromium, 
and  for  other  reasons,  sulphur  is  commonly  regarded  as  hexad,  and  if 
this  view  is  accepted,  the  formula  becomes 

=<° 

The  highest  chloride  sulphur  is  known  to  form  is  SO^,  and  that  is 
unstable.  Hence  it  is  evident  that  we  are  not  able  to  assign  a 
complete  constitutional  formula  to  sulphuric  acid,  as  the  choice  lies 
between  the  three  expressions 

I.  HO  .  0  .  S  .  0  .  OH  .      .    (S  bivalent) 

II.  HO .  S  .  OH     .      .      .   (S  quadrivalent) 

/\ 

0 — 0 

III.  HO  .  S  .  OH     .      .      .   (S  sexvalent) 

/\ 
0  0 

It  is  safest  to  write  it  (H0)2(S0.,)".  Disulphuric  or  pyrosulphuric 
acid  would  then  be  written  HO.SOa-O.SOo.OH. 

When  sulphur  is  added  to  a  sulphite  a  new  salt  is  produced, 
which  was  formerly  improperly  called  sodium  hyjiosulphite  (q.v.), 
though  now  more  approjn-iately  termed  a  thiosulphale,  since  it 
contains  the  elements  of  a  sulphate  in  which  one  atom  of  oxygen 
is  replaced  by  one  atom  of  sulphur.  Inspection  of  the  formula  of 
the  sulphate  shows  that  the  oxygen  exists  in  the  molecule  in  two 
positions,  (1)  either  wholly  attached  to  sulphur,  or  (2)  linking  the 
metal  to  the  sulphur ;  and  the  point  is  to  determine  wliich  of  these 
two  positions  is  taken  up  by  the  entering  sulphur.  The  facts  seem 
to  accord  best  with  the  assumption  that  the  sulphur  occupies  the 
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latter  position.  Foi"  wlien  a  tliiosulphate  is  mixed  with  an  acid, 
sulphur  is  deposited  and  sulphur  dioxide  set  free  ;  and  silver  and 
lead  thiosulphates,  when  heated,  give  the  sulpliides  of  these  metals. 
The  formula  of  thiosulphuric  acid  is  therefore  usually  written 

HS  .  SO2 .  OH . 

Another  instructive  instance  is  afforded  by  acetic  acid,  C2H4O2. 
This  is  a  monobasic  acid,  the  formulse  of  the  salts  of  sodium  and 
silver  being  C2H3Na02  and  C2H3Ag02  respectively.  When  acted 
upon  by  phosphorus  pentachloride,  an  exchange  of  HO  for  CI  occurs, 
as  in  the  case  of  sulphuric  acid,  resulting  in  the  formation  of  a 
chloride,  CgHjOCl.  This  is  a  volatile  compound,  which  is  immediately 
decomposed  by  water,  with  reproduction  of  acetic  acid  and  formation 
of  hydrogen  chloride — 

C2H3OCI  +  HHO  =  C2H3O  .  OH  +  HCI. 

Evidence  as  to  the  atomic  arrangement  within  the  group,  C2H3O,  is 
afforded  by  the  action  of  chlorine  and  by  the  action  of  alkali  upon 
an  acetate  at  a  high  temperature.  When  acetic  acid  is  attacked  by 
chlorine  three  out  of  the  four  atoms  of  hydrogen  may  be  ultimately 
replaced  by  chlorine,  the  product  being  a  monobasic  acid  like  acetic 
acid.  Thus 

Acetates.  Trichloracetates. 
HCHgOa  HC2CI3O2 
NaC2H302  NaC2Cl302 
KC2H3O2  KC0CI3O, 

AgC2H302  AgC2Cl302 

The  fourth  atom  of  hydrogen  in  acetic  acid  is  not  replaceable  by 
chlorine,  but  only  by  metals  ;  hence  it  seems  evident  that  the  latter 
is  in  a  state  of  combination  different  from  the  former.  Now,  it  has 
been  shown  that  one  atom  of  hydrogen  is  intimately  associated  with 
oxygen,  and  the  other  three  atoms  are,  therefore,  probably  attached  to 
carbon.  This  is  proved  by  the  result  of  heating  an  acetate  with  caustic 
potash,  whereby  the  carbon  is  divided  into  two  parts,  one  half  going 
to  form  a  carbonate,  the  other  half  escaping  with  hydrogen  in  the  form 
of  marsh-gas. 

This  is  symbolised  in  the  following  way  :  — 

Caustic  Potassium 
Acetate.  Potasli.       Slarsh-Gas.  Carbonate. 

CH3         H  CH, 

KO  .  io  OK  +  KO  .  CO  .  OK 

That  the  carbonate  has  the  constitution  here  ascribed  to  it  seems 
to  be  proved  by  many  facts.  Thus,  carbon  monoxide,  CO,  unites  with 
two  atoms  of  chlorine  to  form  the  compound  C'0Cl2,  which  interacts 
with  water  in  the  same  way  as  the  chlorides  already  mentioned  as 
derived  from  sulphuric  and  acetic  acids  ;  that  is  to  say,  it  exchanges 
CI  for  HO,  producing  the  acid.    And,  although  in  this  case  the  acid 
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cannot  be  obtained  in  a  solid  or  pure  liquid  state  apart  from  a  large 
excess  of  water,  carbonic  acid  is  represented  by  a  large  class  of  stable 
salts,  the  carbonates,  about  which  there  is  no  difference  of  opinion. 

Carbonic  acid  is  also  capable  of  conversion  into  and  reproduction 
from  two  amides,  which  are  both  well  recognised  compounds.  The 
relations  between  them  are  shown  as  foUows  : — 

Carbonic  Acid. 
(Hypotlictical). 

HO 
HO 

By  such  processes  and  such  considerations  the  chemist  endeavours 
to  decipher  the  problems  presented  by  chemical  compounds  of  which 
the  composition  has  been  determined.  In  some  cases  assistance  may 
be  derived  from  a  knowledge  of  the  physical  properties,  such  as 
boiling  point,  density,  or  refractive  power  ;  but  such  methods  are  at 
present  applicable  almost  exclusively  to  tlie  study  of  carbon  com- 
pounds, and  can  only  be  used  in  connection  with  a  pretty  extensive 
knowledge  of  "  organic  "  chemistry. 

CLASSIFICATION. 

The  classification  of  substances  which  come  under  the  notice  of  the 
chemist  maybe  in  the  first  instance  based  on  their  composition  ;  that 
is,  they  may  be  divided  into  compound  and  simple  bodies  or  elements. 
So  far  as  inorganic  materials  are  concerned,  the  most  numerous  and 
important  substances  are  metallic  oxides  and  salts.  These  will  be 
referred  to  later. 

As  to  the  elements,  the  division  in  to  M  e  t  al  1  i  c  and  Non-Metallic 
has  already  (Introduction)  been  referred  to,  and  has  been  practically 
acted  upon  in  the  arrangement  of  the  subject-matter  of  this  book. 
It  remains  to  be  stated  what  are  the  characteristics  of  each  class. 

The  popular  idea  of  a  metal  as  something  hard,  heavy,  and  having 
a  peculiar  lustre,  is  of  course  useless  for  scientific  purposes,  inas- 
much as  many  well-known  metals,  such  as  sodium,  potiissium,  and 
aluminium,  are  comparatively  light,  while  there  are  many  substances 
of  high  specific  gravity  and  specular  lustre  which,  like  galena,  iodine, 
and  graphite,  are  certainly  not  metals.  The  distinguishing  characters 
of  the  metals  as  a  class  are  summed  up  by  saying  that  they  are  ele- 
ments which  form  the  best  conductors  of  heat  and  electricity,  they 
are  malleable  and  ductile,  they  form  with  hydrogen  few  compounds, 
and  those  never  gaseous  or  even  vaporisable  ;  and  their  oxides,  if  not 
too  rich  in  oxygen,  interact  with  acids  to  form  salts  and  water. 
Further,  in  the  electrolysis  of  their  compounds  they  appear  at  the 
negative  electrode  or  cathode,  and  are  commonly  referred  to  as 
electro-positive  elements. 


Carbamic  Acid. 

HO 

^CO 
H^N 


Carbamide. 

H^N 

^CO 

H,N 


CLASSlPICATIOIt. 


265 


Non-metals,  on  the  other  hand,  when  solid,  are  feeble  conductors, 
brittle,  and  combine  with  hydrogen  to  form  gaseous  compounds, 
while  their  oxides,  with  very  few  exceptions,  such  as  nitric  oxide  and 
carbonic  oxide,  are  acid  anhydrides,  combining  with  water  to  form 
acids,  and  with  metallic  oxides  to  form  salts.  In  the  electrolysis  of  acids 
or  salts  the  non-metals  are  liberated  at  the  positive  electrode  or  anode. 
The  non-metals  are  therefore  regarded  as  electro-negative. 

It  is,  however,  impossible  to  bring  all  the  known  elements  under 
these  two  heads,  for  some,  like  arsenic  and  antimony,  while  preserving 
the  aspect  and  high  density  of  common  metals  and  forming  many 
well-defined  salts,  yet  give  also  strongly  acidifying  oxides,  and  form 
gaseous  compounds  with  hydrogen.  For  such  imperfect  metals  as 
these  the  name  Metalloid  seems  most  appropriate. 

Another  system  of  classification  would  be  based  upon  the  valency 
or  atom-fixing  power.  This,  however,  would  be  insuflBcient  without 
taking  other  considerations  into  account,  as  it  would  bring  together 
such  incongruous  substances  as  sodium  and  chlorine,  boron  and  gold. 
Similar  remarks  apply  to  a  division  of  the  elements  according  to 
their  isomorphous  relations,  though  in  this  case  it  will  be  noticed 
that  the  isomorphous  groups  include  usually  only  those  elements 
which,  for  other  reasons,  would  be  associated  together,  and  seem  really 
to  constitute  a  natural  family.  The  following  table  gives  a  synopsis 
of  the  more  important  families  of  isomorphous  elements  according 
to  the  definition  given,  p.  250  : — 


Isomorphous  Groups. 


Iron  (ferric) 


Manganese  (ic) 


Chromium 
Aluminium 


(3) 


Lithium 
Silver 
Thallium 
Gold 
Sodium 
Potassium 
Rubidium 
Caesium 


in 

'itan 


Fluorine 
Chlorine 
Bromine 
Iodine 


0) 


(8) 


Zirconium 


PhosjDhorus 
Arsenic 


Antimony 
Bismuth 


Vanadium 


^66 
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All  these  different  considerations  are  now  merged  in  a  comprehen- 
sive scheme  usually  referred  to  as  the  P  e  r  i  o  di  c  L  a  w.  It  was  first 
pointed  out  by  Newlands  in  1864  that  if  the  elements  be  ranged  in 
order,  according  to  the  numerical  value  of  their  atomic  weights,  at 
every  eighth  term  of  such  a  series  an  element  is  found  which  presents 
a  revival  or  repetition  of  the  same  characters  starting  from  any  point 
in  the  series.  So  that,  as  the  atomic  weight  increases,  there  is  not  a 
continuous  modification  of  characters,  but  a  feriodic  rising  and  falling 
of  valency  and  other  chemical  as  well  as  physical  characteristics.  At 
the  time  that  this  periodicity  of  properties  was  first  observed,  the 
scheme  was  necessarily  very  imperfect,  owing  to  the  fact  that  the 
atomic  weights  of  many  elements,  especially  metaLs,  were  as  yet  un- 
fixed by  appeal  to  the  specific  heat  or  otherwise.  Many  important 
details  of  this  scheme  were  afterwards  worked  out  by  Odling,  Lotbar 
Meyer,  and  Mendelejeft'. 

Arranging  the  elements  in  horizontal  lines  according  to  this  order, 
as  in  the  following  table  (in  which  the  atomic  weights  are,  for  the 
most  part,  represented  by  their  nearest  whole  numbers),  we  find 
that,  with  the  exception  of  certain  metals  belonging  to  the  iron  and 
platinum  groups,  they  stand  in  such  a  manner  that  the  first  vertical 
column  is  occupied  by  the  monad  elements,  the  second  by  the  diads, 
the  third  by  the  triads,  &c.,  as  indicated  by  the  headings  of  the 
columns  in  which  the  symbol  R  stands  for  a  metal  or  a  non-jnetal. 
Hydrogen  stands  alone,  there  being  no  known  element  intermediate 
between  it  and  the  monad  metal  lithium,  if  we  except  the  newl3'-dis- 
covered  gas,  helium,  of  supposed  atomic  weight  41),  but  concerning 
the  true  nature  of  which  much  remains  to  be  learned. 

The  elements  in  each  of  the  first  six  groups  of  this  table  range 
themselves  naturally  in  two  columns,  each  composed  of  elements 
closely  related  to  one  another  in  their  chemical  properties  ;  thus  in 
Group  I.,  the  left-hand  column  contains  the  alkali  metals,  lithium, 
sodium,  while  the  right-hand  column  includes  the  metals  potassium, 
rubidium,  and  cossium,  which,  though  very  closely  related  to  the 
former  two,  are  sharply  distinguished  by  the  characters  of  their  salts. 
Similarly,  in  Group  II.,  calcium  is  nearly  related  to  magnesium,  and 
formerly  the  oxides  of  these  two  metals  Avere  ranked  together  as 
alkaline  earths,  but  magnesium  and  its  compounds  are  more  truly 
regarded  as  the  forerunners  in  a  series  in  which  zinc  and  cadmium 
follow.  Again,  in  Group  VI.,  the  first  column  is  formed  by  the 
closely  related  non-metallic  elements,  oxygen,  sulphur,  selenion,  and 
tellurium;  while  the  second  contains  the  metiils  chromium,  molybde- 
num, tungsten,  and  uranium,  which  also  greatly  resemble  one 
another  in  their  chemical  relations,  and  which  are  connected  with 
the  sulphur  groups,  not  only  by  valenc}',  but  by  the  isomorphism  of 
chromates  with  sulphates,  and  the  general  resemblance  of  the  oxide 
CrOg  to  SO3,  and  of  the  oxychloride,  CrOgClo  to  SO^Clj,  and  in 
other  ways. 

The  elements  in  Group  III.,  column  1,  boron,  aluminium,  gall- 
ium, indium,  and  thallium,  are  undoubtedly  triads.  Aluminium 
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forms  a  trichloride,  AICI3,  and  a  corresponding  oxide,  AI2O3  ;  also  a 
volatile  methyl-compound,  A^CHg)^,  the  vapour  density  of  which 
imlicates  that  the  molecule,  as  represented  by  this  formula,  has  the 
normal  2-volume  condensation.  It  is  true  that  tlie  chloride,  which 
is  also  volatile,  exhibits  up  to  400°-500°  a  vapour-density  agreeing 
rather  with  the  double  formula,  AI2CI5,  but  at  800°- 900°  the  vapour- 
density  agrees  with  the  formula  AICI3,  and  it  is  therefore  probable 
that  the  lower  temperature  at  which  its  vapour-density  was  deter- 
mined was  not  sufficiently  raised  above  the  boiling  point  to  bring  the 
compound  into  the  state  of  a  perfect  gas. 

The  rare  earth  metals  in  Group  III.,  column  2,  have  been  shown 
to  be  triads,  forming  trichlorides  and  sesquioxides.  All  the  elements 
in  Group  IV.  have  long  been  classed  as  tetrads,  with  the  exception 
of  cerium,  the  valency  of  which  was  regarded  as  doubtful ;  but  the 
experiments  of  Brauner  seem  to  have  shown  that  it  is  a  tetrad. 

Of  the  elements  in  Group  V.,  phosphorus,  antimony,  niobium, 
and  tantalum  form  pentachlorides.  Nitrogen  is  assumed  to  be  quin- 
quivalent in  the  ammonium-compounds,  as  in  the  chloride  NH4CI. 
Vanadium,  arsenic,  and  bismuth  do  not  combine  with  more  than 
three  atoms  of  chlorine,  bromine,  or  iodine  ;  but  bismuth  forms  an 
oxychloride,  BiOClj,  in  which  it  is  quinquivalent,  and  vanadium 
forms  the  analogous  compound,  VOCJ3.  Arsenic  does  not  form  a 
similar  oxychloride  ;  but  its  highest  oxide  is  the  exact  analogue  of 
phosphoric  oxide  and  vanadic  oxide,  and  forms  a  series  of  salts,  the 
arsenates,  which  are  isomorphous  with  the  phosphates  and  vana- 
dates, and  these  are  best  expressed  on  the  assumption  that  the  central 
element  is  quinquivalent.  For  these  reasons  arsenic  is  likewise  re- 
garded as  a  pentad. 

Among  the  elements  in  Group  VI.,  chromium,  molybdenum, 
tungsten  and  uranium  form  oxy chlorides,  MOgClj,  and  tri oxides, 
MO3.  Sulphur,  selenion,  and  tellurium,  so  far  as  regards  their 
hydrogen  compounds,  HgS,  &c.,  are  diads  ;  but  with  regard  to  their 
combinations  with  chlorine,  they  are  tetrads,  and  sulphur  is  known 
to  form  certain  organic  compounds  in  which  it  is  tetradic,  and  others 
in  which  it  is  hexadic,  for  example  : — 


Moreover,  the  chemical  relations  of  the  sulphates  are  much  more 
clearly  represented  by  formulaj  in  which  sulphur  is  supposed  to  be 
hexadic,  like  tliat  given  for  sulphuric  acid  on  p.  262,  than  by  formul;i3 
into  which  it  enters  as  a  diad,  such  as,  H— 0— 0— S— 0— 0— H, 
inasmuch  as  compounds  in  which  diadic  elements  are  linked  together 
in  one  row,  may  be  supposed  to  be  less  stable,  like  the  higher  oxides 
and  sulphides  of  potassuim.    These  three  elements  are  therefore  best 
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regarded  as  liexads,  though  they  sometimes  enter  into  combination 
as  tetrads,  and  very  frequently  as  diads. 

Oxygen,  iu  its  combinations  with  hydrogen,  and  with  most  of  the 
metals,  is  apparently  bivalent ;  but  it  appears  also  to  be  capable  of 
higher  degrees  of  combination  ;  for  water  is  certainly  not  to  be 
regarded  as  a  saturated  compound,  inasmuch  as  it  exhibits  capacity  for 
very  diverse  forms  of  combination,  not  only  with  metallic  salts,  but 
with  Large  numbers  of  carbon  compounds.  From  its  analogies  to 
sulphurj  and  the  place  of  its  atomic  weight  in  the  series,  it  may, 
perhaps,  be  classed  with  the  hexads,  though  there  is  usually  no 
evidence  of  greater  combining  capacity  than  four  units. 

Of  the  reiuaining  elements,  manganese  appeal's  to  stand  toward 
chlorine  in  much  the  same  kind  of  relationship  as  chromium  does  to 
sulphur  or  vanadium  to  phosphorus.  It  is,  however,  so  much  more 
nearly  allied  to  iron  that  it  is  properly  associated  with  that  element, 
which,  for  the  present,  must  be  relegated  to  the  extra  Group  VIII. 

Several  permanganates  are  said  to  be  isomorphous  with  the  corres- 
ponding perchlorates  ;  but,  on  the  other  hand,  the  manganates  are 
isomorphous  with  the  chromates  and  sulphates,  and  many  manganous 
and  manganic  salts  are  isomorphous  with  the  corresponding  compounds 
of  iron.  Too  much  importance  must  not  be  attached  in  this  case  to 
the  relations  indicated  by  isomorphism  alone. 

The  four  oxyacids  of  chlorine  form  a  regular  series,  so  far  as 
empirical  formula  is  concerned,  inasmuch  as  they  contain  a  regularly 
increasing  quantity  of  oxygen;  and  if  it  be  assumed,  as  sometimes  is 
done,  that  chlorine  is  capable  in  its  more  complex  compounds  of 
exercising  a  combining  capacity  equal  to  seven  units,  the  formula  of 
these  acids  may  be  represented  in  the  following  manner  in  which  the 
valence  of  the  chlorine  varies  by  two  units,  from  1  to  7  ;  thus — 

0  0 

II  II 
CI— 0— H      0=C1— 0— H      0=Cl-0— H      0=C1— 0— H 


Hypochlorous.  Clilorous.  Chloric.  Perchloric, 

When,  however,  the  great  difference  in  properties  between  chloric 
and  the  far  more  stable  perchloric  acid  is  considered,  it  seems  im- 
probable that  their  structure  is  so  nearly  the  same  as  suggested  by 
these  formulffi.  The  unstable  chloric  acid  is  more  likely  to  be  built 
up  on  the  same  plan  as  the  hypochlorous  and  chloric  acids,  and  this 
would  not  involve  the  assumption  of  a  higher  valency  than  three 
units  for  chlorine,  which  more  nearly  assorts  with  what  is  known  of 
its  behaviour  in  other  combinations.  The  formula  for  chloric  acid 
would  then  be  0  =  C1— 0— 0— H  or  CI— 0— 0— 0— H.  On  the 
other  hand,  perchloric  acid  is  by  the  same  assumption  as  to  the 
maximum  combining  capacity  for  chlorine  reduced  to  the  formula 

II— 0— Cl<  >0. 

•o/ 
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Among  carbon  componnds  greater  stability  is  in  many  cases  associ- 
ated with  tiie  formation  of  a  closed  chain,  and  it  may  be  that  a 
similar  connection  exists  in  the  compounds  of  other  elements.  The 
investigation  of  this  question  is,  however,  far  more  difficult. 

Turning  now  to  the  compounds  of  manganese,  we  find  no  evidence 
that  it  ever  exhibits  a  valency  expressed  by  an  uneven  number.  At 
the  most  it  is  hexad.  On  this  hypothesis  the  manganates  are  repre- 
sented by  a  formula  corresponding  to  the  accepted  formuhi  for  the 
sulphates,  namely  : — 

K0\  ^0 
Mn 

KO/  ^0 

and  the  permanganates  by  a  formula  derived  from  this,  probably  as 
follows  : — 

OK  OK 
0^    I  I  ^0 

Mn  0— 0— Mn-^ 
0^  ^0 

From  these  the  corresponding  expressions  for  the  oxides  JtlnOj 
and  MugOy  are  easily  deduced. 

Iodic  acid,  lOgH,  and  periodic  acid,  IO4H,  are  perhaps  similar  in 
constitution  to  chloric  and  perchloric  acids,  and  the  anhydride, 
IjOg,  is  also  known.  Bromic  acid,  BrOgH,  is  similar  to  chloric  acid, 
but  the  existence  of  perbromic  acid  is  doubtful.  Of  fluorine  no 
oxygen-comiDound  is  known ;  but  from  the  close  analogy  in  the  re- 
actions of  these  four  elements,  CI,  Br,  I,  and  F,  and  the  manner 
in  which  they  replace  one  another  in  combination,  there  can  be  no 
doubt  that  they  belong  to  the  same  group.  In  their  combinations 
with  hydrogen,  and  in  the  reactions  in  which  they  replace  hydrogen 
and  one  another  in  combination,  they  invariably  act  as  monads, 
the  substitution  taking  place  atom  for  atom. 

Fluorine,  like  the  other  three,  shows  signs  of  a  greater  capacity  for 
combination  in  the  production  of  a  considerable  number  of  well- 
defined  double  compounds,  such,  for  example,  as  the  fluorides  of 
hydrogen  and  potassium  and  of  hydrogen  and  silicon. 

F  F 

KHF2  or  K.F  =  F.H  H^SiF^  or  HF<^  ^  ^Si^  \^  ^FH 


There  is  no  occasion  to  attribute  to  fluorine  a  higher  valency  than 
three. 

Lastly,  with  regard  to  the  elements  (all  metallic)  which  cannot  be 
included  in  either  of  the  seven  groups  above  considered.  The  atomic 
weights  of  three  of  these  metals,  viz.,  iron,  cobalt,  and  nickel,  have 
values  between  those  of  manganese  and  copper  ;  and  of  the  other  six, 
called  platinum  metals,  three,  viz.,  rutheuium,  rhodium,  and 
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palladium,  have  atomic  weights  intermediate  between  those  of 
molybdenum  (96)  and  silver  (108),  while  those  of  the  other  three, 
viz.,  osmium,  iridium,  and  platinum,  are  greater  than  that  of  tung- 
sten and  nearly  equal  to  that  of  gold. 

These  intermediate  elements,  Mn,  Fe,  Co,  Ni,  Ru,  Rh,  Pd,  Os,  Ir, 
constitute  a  groajj  of  themselves  (the  eighth),  some  of  the  members 
of  which,  viz.,  Ru  and  Os,  form  tetroxides,  the  constitution  of  which 
is  still  unknown.  None  of  these  metals  form  chlorides  containing 
more  than  four  atoms  of  chlorine,  but  four  of  them,  viz.,  Pt,  Ir,  Ru, 
and  Os,  form  with  the  alkali-metals  double  chlorides,  the  constitution 
of  which  is  probably  similar  to  that  of  other  double  chlorides  and  to 
the  double  fluorides  already  referred  to. 

The  blank  spaces  in  the  preceding  table  indicate  the  places  of 
elements  which  perhaps  exist,  but  have  not  yet  been  discovered. 
Several  anticipated  discoveries  of  this  kind  have,  however,  been 
actually  realised.  When  the  table  was  draM'n  up,  a  blank  in  the 
space  now  occupied  by  gallium  indicated  the  probable  existence  of  a 
trivalent  element  intermediate  in  atomic  weight  between  zinc  and 
arsenic.  This  element  was  provisionally  designated  Ekaluminium 
by  Mendelejeff,  who  predicted,  from  its  position  in  the  series,  what 
its  chief  properties  ought  to  be.  The  discovery  of  gallium  with  the 
atomic  weight  68'8  has  verified  this  prediction.  Another  example 
is  afforded  by  scandium,  Avhich  agrees  closely  in  properties  and 
atomic  weight  (44)  with  the  element  whose  existence  was  predicted 
by  Mendelejeff  under  the  name  of  Ekabor. 

A  still  more  recent  example  is  afforded  by  the  element  Germanium, 
discovered  in  1886,  which  belongs  to  the  tetrads  along  with  silicon 
and  tin. 

Various  plans  have  been  proposed  for  displaying  graphically  the 
relations  which  have  thus  been  discovered.  A  diagram  devised 
by  Professor  Emerson  Reynolds,  and  subsequently  modified  by  Mr 
Crookes,  is  shown  on  page  272.  In  this  form  the  periodic  recurrence 
of  the  same  type  is  shown  by  an  oscillating  curve,  the  amplitude  of 
the  swing  gradually  declining  according  to  a  mathematical  law.  It 
has  been  used  to  illustrate  the  idea  that  the  so-called  elements  may 
have  been  evolved  by  successive  condensations  of  a  primordial 
material,  probably  as  a  consequence  of  cooling  from  a  high  tempera- 
ture above  that  at  which  the  constituents  of  all  ordinary  matter  may 
be  supposed  to  be  dissociated. 
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CRYSTALLISATION  ;  CRYSTALLINE  FORM. 

Almost  every  substance,  simple  or  compound,  capable  of  existing 
in  the  solid  state,  assumes,  under  favourable  circumstances,  a  distinct 
geometrical  figure,  usually  bounded  by  plane  surfaces,  and  having 
angles  of  constant  value.  The  faculty  of  crystallisation  seems  to  be 
denied  only  to  a  few  bodies,  chiefly  highly  complex  organic  principles, 
■which  stand,  as  it  were,  upon  the  very  verge  of  organisation,  and 
which,  when  in  the  solid  state,  are  frequently  characterised  by  a  kind  of 
beady  or  globular  appearance,  well  known  to  microscopical  observers. 

The  most  beautiful  examples  of  crystallisation  are  to  be  found 
among  natural  minerals,  the  results  of  exceedingly  slow  changes 
constantly  occurring  within  the  earth.  It  is  invariably  found  that 
artificial  crystals  of  salts,  and  other  soluble  substances  which  have 
been  slowly  and  quietly  deposited,  surpass  in  size  and  regularity 
those  of  more  rapid  formation. 

Solution  in  water  or  some  other  liquid  is  a  very  frequent  method  - 
of  effecting  crystallisation.  If  the  substance  be  more  soluble  at  a 
high  than  at  a  low  temperature,  then  a  hot  and  saturated  solution 
left  to  cool  slowly  will  generally  be  found  to  furnish  crystals  :  this  is 
a  very  common  case  with  salts  and  various  organic  principles.  If  it 
be  equally  soluble,  or  nearly  so,  at  all  temperatures,  then  slow  spon- 
taneous evaporation  in  the  air,  or  over  a  surface  of  oil  of  vitriol, 
often  proves  very  effective. 

Fusion  and  slow  cooling  may  be  employed  in  many  cases  :  that  of 
sulphur  is  a  good  example  :  the  metals,  when  thus  treated,  usually 
afford  traces  of  crystalline  figure,  which  sometimes  become  very 
beautiful  and  distinct,  as  with  bismuth.  A  third  condition  under 
which  crystals  very  often  form  is  in  passing  from  the  gaseous  to  the 
solid  state,  in  the  process  usually  called  "sublimation,"  of  which 
iodine  affords  a  good  instance.  When  by  any  of  these  means  time  is 
allowed  for  the  symmetrical  arrangement  of  the  particles  of  matter 
at  the  moment  of  solidification,  crystals  are  produced. 

That  crystals  owe  their  figure  to  a  certain  regularity  of  internal 
structure  is  shown  both  by  their  mode  of  formation  and  also  by  the 
peculiarities  attending  their  fracture.  A  crystal  placed  in  a  slowly- 
evaporating  saturated  solution  of  the  same  substance,  grows  or 
increases  by  a  continued  deposition  of  fresh  matter  upon  its  sides, 
m  such  a  maimer  that  tlie  angles  formed  by  the  meeting  of  the  latter 
remain  unaltered. 

The  tendency  of  most  crystals  to  split  in  particular  directions, 
called  cZeaw(f/e,  is  a  certain  indication  of  regular  structure,  while  the 
optical  properties  of  many  among  them,  and  their  mode  of  expansion 
by  heat,  pomt  to  the  same  conclusion. 

It  may  be  laid  down  as  a  general  rule  that  every  substance  has  its 
own  crystalline  form,  by  which  it  may  very  frequently  be  recognised 
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at  once — not  that  eacli  substance  has  a  different  figure,  although  very 
great  diversity  in  this  respect  is  to  be  found.  Some  forms  are  much 
more  common  than  others,  as  the  cube  and  six-sided  prism,  which  are 
very  frequently  assumed  by  a  number  of  bodies  not  in  anyway  related. 

The  same  substance  may  assume,  under  different  sets  of  circum- 
stances, as  at  high  and  low  temperatures,  two  different  crystalline 
forms,  in  which  case  it  is  said  to  be  dimorphous.  Sulphur  and  carbon 
furnish,  as  already  noticed,  examples  of  this  curious  fact ;  another 
case  is  presented  by  calcium  carbonate  in  the  two  modifications  of 
calcspar  and  arragonite,  both  chemically  the  same,  but  physically 
different.  A  fourth  example  is  presented  by  mercuric  iodide,  which 
also  has  two  distinct  forms,  and  even  two  distinct  colours,  the  con- 
trast between  the  two  modifications  being  indeed  as  great  as  that 
between  diamond  and  graphite. 

When  two  substances  having  a  similar  chemical  constitution 
crystallise  in  the  same  forms  so  as  to  replace  each  other  exactly  in 
crystallised  compounds,  without  altering  the  geometrical  figure,  they 
are  said  to  be  isomorplious.  This  has  already  been  explained,  and 
examples  supplied  in  connection  with  the  question  of  the  choice  of 
atomic  weights  (pp.  249-251). 

Orystallograpliic  System  s. — When  a  crystal  of  simple 
form  is  attentively  considered,  it  becomes  evident  that  certain  direc- 
tions can  be  pointed  out  in  which  straight  lines  may  be  imagined  to 
be  drawn,  passing  through  the  central  point  of  the  crystal  from  side 
to  side,  from  end  to  end,  or  from  one  angle  to  that  opposed  to  it,  &c., 
about  which  lines  the  particles  of  matter  composing  the  crystal  may 
be  conceived  to  be  symmetrically  built  up.  Such  lines,  or  axes,  are 
not  always  purely  imaginary,  however,  as  may  be  inferred  from  the 
remarkable  optical  jDroperties  of  many  crj'stals  :  upon  their  number, 
relative  lengths,  position,  and  inclination  to  each  other,  depends  the 
outward  figure  of  the  crystal  itself. 

All  crystalline  forms  may  upon  this  plan  be  arranged  in  the 
following  six  classes  or  s  y  s  t  e  m  s. 


Fig.  99. 

r  ^  S 


1.  The  monometric,  regular,  or  cubic  system  (fig.  99). — 
The  crystals  of  this  division  have  three  equal  axes,  all  placed  at 
right  angles  to  each  other.  The  most  important  forms  ai'e  the  cube 
(1),  the  reg^^lar  octahedron  (2),  and  the  rhombic  dodeculiedron  (3). 
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The  letters  a— a,  b—b,  c—c  (fig.  99),  show  the  termination  of  the 
three  axes,  placed  as  stated. 

Very  many  substances,  both  simple  and  compound,  assume  these 
forms,  as  most  of  the  metals,  carbon  in  the  state  of  diamond, 
common  salt,  potassium  iodide,  the  alums,  fluor-spar,  iron  bi-sulphide, 
garnet,  spinelle,  &c.  ^..^ 

7 

2.  The  dimetric,  quadi'atic,  —  

or  tetrag-onal. — The  crystals 
of  this  system  (fig.  100)  are 
also  symmetrical  about  three 
axes  at  right  angles  to  each 
other.  Of  these,  however,  two 
only  are  of  equal  length,  the 
third,  c — c,  being  longer  or 
shorter.  The  most  important 
forms  are,  the  right  square 
prism  (1),  and  the  right  square-based  octahedron  (2). 

Examples  of  these  forms  are  to  be  found  in  zircon,  native  stannic 
oxide,  apophyllite,  potassium  ferrocyanide,  &c. 

3.  The  hexagonal  system  (fig.  101). — This  is  very  important  and 
extensive  ;  it  may  be  characterised  by  /omj-  axes,*  three  of  which 

rig.  101. 
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are  equal,  in  the  same  plane,  and  inclined  to  each  other  at  angles 
of  60°,  while  the  fourth  or  principal  axis  is  perpendicular  to  them 

*  '^^^.'■^'^^''S'^ce  to  four  axes  is  a  mere  matter  of  couvenience  ;  three  axes 
are  sufficient  for  the  determination  of  any  solid  figure  wliatevcr. 
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all.  The  principal  forms  are, —  the  regular  six-sided  prism  (1),  the 
regular  double  six-sided  pyramid  (2),  the  rhombohedron  (4),  and  the 
scalenohedron  (5),  a  figure  bounded  by  twelve  scalene  triangles. 

Examples  are  found  in  ice,  calcspar,  sodium  nitrate,  beryl,  quartz  or 
rock-crystal,  and  the  semi-metals,  arsenic,  antimony,  and  tellurium. 

A  combination  of  the  regular  si.^-sided  prism  and  double  six-sided 
pyramid  (3)  is  a  common  form  of  quartz. 

4.  The  trimetric,  ortliorh.ombic,  or  right  prismatic  system. 

— This  is  characterised  by  three  axes  of  unequal  lengths,  placed  at 
right  angles  to  each  other,  as  in  the  right  rectangular  prism,  the  right 
rhombic  prism,  the  right  rectangular-based  octahedron,  and  the  right 
rhombic-based  octahedron. 

The  bases  of  these  forms  are  represented  in  fig.  102  (1)  and  (2). 
Let  the  reader  imagine  a  straight  line  passing  through  the  centre  of 
each  of  these  figures,  perpendicular  to  the  plane  of  the  paper  ;  this 
will  represent  the  vertical  axis.  The  octahedrons  will  be  formed  by 
joining  the  ends  of  this  vertical  line  with  the  angles  of  the  bases,  and 


rig.  102. 


the  prisms  by  vertical  planes 
passing  through  the  sides  of 
the  base,  and  terminated  by 
horizontal  planes  passing 
through  the  extremities  of 
the  vertical  axis.  The  per- 
spective forms  of  these  tri- 
metric prisms  and  octahedrons  are  similar  to  those  of  the  dimetric 
system  (fig.  100). 

"  The  system  is  exemplified  in  sulphur  crystallised  at  a  low  tem- 
perature, arsenical  iron  pyrites,  potassium  nitrate  and  sulphate, 
barium  sulphate,  &c. 

5.  The  monoclinic,  or  oblique  prismatic  system.  Crystals 
belonging  to  this  group  have  also  three  axes,  which  may  be  all  un- 
equal ;  two  of  these  (the  secondary)  are  placed  at  right  angles,  the 
third  being  so  inclined  as  to  be  oblique  to  one  and  perpendicular  to 
the  other.    To  this  system  may  be  referred  the  four  following 

forms  : — The  oblique  rectangii- 
^'S-  lar  prism,  the  oblique  rhombic 

prisin,  the  oblique  rectangular- 
based  octahedron,  the  oblique 
rho7nbic-based  octahedron. 

The  bases  of  these  mono- 
clinic  forms  are  identical  in 
form  with  those  of  the  tri- 
metric system,  fig.  103  (1)  and 
(2).    Tlie  principal  axis  maj'' 
be  represented  by  a  line  passing  through  the  plane  of  tlie  paper 
at  the  middle  point,  perpendicukir  to  a  a,  and  oblique  to  b  b.  The 
perspective  forms  are  shown  in  fig.  103. 
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Such  forms  are  taken  by  sulphur  crystallised  by  fusion  and  cooling, 
by  realgar,  sulphate,  carbonate  and  phosphate  of  sodium,  borax,  green 
vitriol,  and  many  other  salts. 

6.  The  triclinic,  anorthic,  or  doubly  oblique  prismatic 
system. — The  crystalline  foi'uis  comprehended  in  this  division  are, 
from  their  great  apparent  irregularity,  exceedingly  difficulty  to  study 
and  understand.  In  them  are  traced  three  axes,  which  may  be  all 
unequal  in  length,  and  are  all  oblique  to  each  other,  as  in  the  doubly- 
oblique  prisvi,  and  in  the  donbly-oblique-odahedron.  The  perspective 
forms  are  similar  to  those  of  the  monoclinic  system. 

Copper  sulj^hate,  bismuth  nitrate,  and  potassium  quadroxalate 
afford  illustrations  of  these  forms. 

Primary  and  Secondary  Forms. — If  a  crystal  increase  in  magnitude 
by  equal  additions  on  every  part,  it  is  quite  clear  that  its  figure 
must  remain  unaltered  ;  but  if,  from  some  cause,  this  increase  should 
be  partial,  the  newly-deposited  matter  being  distributed  unequally 
but  still  in  obedience  to  certain  definite  laws,  then  alterations  of 
form  are  produced,  giving  rise  to  figures  which  have  a  direct  geo- 
metrical connection  with  that  from  which  they  are  derived.  If,  for 
example,  in  the  cube,  a  regular  omission  of  successive  rows  of  particles 
of  matter  in  a  certain  order  be  made  at  each  solid  angle,  while  the 
crystal  continues  to  increase  elsewhere,  the  result  will  be  the  pro- 
duction of  small  triangular  planes,  which,  as  the  process  advances, 
gradually  usurp  the  whole  of  the  surface  of  the  crystal,  and  convert 
the  cube  into  an  octahedron.  The  new  planes  are  called  secondary, 
and  their  production  is  said  to  take  place  by  regular  decrements  upon 
the  solid  angles.  The  same  thing  may  happen  on  the  edges  of  the 
cube  ;  a  new  figure,  the  rhombic  dodecahedron,  is  then  generated. 
Tlie  modifications  which  can  thus  be  produced  of  the  original  or 


rig.  104. 


Passage  of  cube  to  octoliedron. 

primary  figure  (all  of  which  are  subject  to  exact  geometrical  laws) 
are  very  numerous.  Several  distinct  modifications  may  be  present 
at  the  same  time,  and  thus  render  the  form  exceedingly  com- 
plex. 

Crystals  often  cleave  parallel  to  all  the  planes  of  the  primary 
figure,  as  in  calcspar,  which  offers  a  good  illustration  of  this  perfect 
cleavage.  Sometimes  one  or  two  of  these  planes  have  a  kind  of 
preference  over  the  rest  in  this  respect,  the  crystal  splitting  readily 
m  these  directions  only. 
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A  very  curious  modification  of  the  figure  sometimes  occurs  by  the 
excessive  growth  of  each  alternate  plane  of  the  crystal ;  the  rest 
become  at  length  obliterated,  and  the  crystal  assumes  the  character 
called  hemiheclral  or  half-sided.  This  is  well  seen  in  the  production 
of  the  tetrahedron  from  the  regular  octahedron  (fig.  105),  and  of  the 

I"ig.  105. 


Passage  of  octoheclron  to  tetrahedi'on. 


rhombohedric  form  by  a  similar  change  from  the  double  six-sided 
pyramid  (fig.  101,  2). 

Forms  belonging  to  the  same  crystallographic  system  are  related 
to  each  other  by  several  natural  affinities. 

1.  It  is  only  the  simple  forms  of  the  same  systevi  that  can  combine  into 
a  complex  form. — In  all  fully-developed  (holohedral)  natural  crystals, 
it  is  found  that  all  the  similar  parts,  if  modified  at  all,  are  modified 
in  an  exactly  similar  manner,  while  in  hemihedral  forms,  half  the 
similar  edges  and  angles  alternately  situated  are  similarly  modi- 
fied. Now  this  can  be  the  case  only  when  the  dominant  form  and 
the  modifying  form  are  developed  according  to  the  same  law  of  sym- 
metry. Thus,  if  a  cube  and  a  regular  octahedron  are  developed 
round  the  same  sj^stem  of  axes,  each  summit  of  the  cube  is  cut  off  to 
the  same  extent  by  a  face  of  the  octahedron,  or  vice  versa.  But  a 
cube  could  never  combine  in  this  manner  with  a  rhombic  octahedron, 
because  it  would  be  impossible  to  place  the  two  forms  in  such  a 
manner  that  similar  parts  of  the  one  should  throughout  replace 
similar  parts  of  the  otlier. 

The  crystals  of  each  system  are  thus  subject  to  a  peculiar  and 
distinct  set  of  modifications,  the  observation  of  which  very  frequently 
constitutes  an  excellent  guide  to  the  discovery  of  the  primary  form 
itself. 

2.  Crystals  belonging  to  the  same  system  are  intimately  related  in 
their  optical  properties. — Crystals  belonging  to  the  regular  system  (as 
the  diamond,  alum,  rock-salt,  &c.)  refract  light  in  the  same  maimer 
as  uncrystallised  bodies  ;  that  is  to  say,  they  have  but  one  refractive 
index,  and  a  ray  of  light  passing  through  them  in  any  direction  is 
refracted  singly.  But  all  other  crystals  refract  doubly,  that  is  to 
say,  a  ray  of  light  passing  through  them  (except  in  certain  directions) 
is  split  into  two  rays,  the  one,  called  the  ordinary  ray,  being  refracted 
as  it  would  be  by  an  amorphous  body,  the  other,  called  the  cxtra- 
ordinary  ray,  being  refracted  according  to  peculiar  and  more  comjilex 
laws.  Now  the  crystals  of  the  d  i  m  e  t  r  i  c  and  hexagonal 
systems  resemble  each  other  in  this  respect,  that  in  all  of  them 
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there  is  one  direction,  called  the  optic  axis,  or  axis  of  double  refrac- 
tion (coinciding  with  the  principal  crystallographic  axis),  along  which 
a  ray  of  light  is  refracted  singly,  while  in  all  other  directions  it  is 
refracted  doubly  ;  whereas  in  crystals  belonging  to  the  other  systems, 
viz.,  the  trimetric  and  the  two  oblique  systems,  there  are  always  two 
directions  or  axes,  along  which  a  ray  is  singly  refracted. 

3.  Crystals  belonging  to  the  same  system  resemble  each  other  in  their 
mode  of  conducting  heat. — Amorphous  bodies  and  crystals  of  the 
regular  system  conduct  heat  equally  in  all  directions,  so  that,  sup- 
posing a  centre  of  heat  to  exist  within  such  a  body,  the  isothermal 
surfaces  will  be  spheres.  But  crystals  of  the  dimetric  and  hexagonal 
systems  conduct  equally  only  in  directions  perpendicular  to  the 
principal  axis,  so  that  in  such  crystals  the  isothermal  surfaces  are 
ellipsoids  of  revolution  round  that  axis  ;  and  crystals  belonging  to 
either  of  the  three  other  systems  conduct  unequally  in  all  directions, 
so  that  in  them  the  isothermal  surfaces  are  ellipsoids  with  three 
unequal  axes. 


ALLOTROPY  AND  ISOMERISM. 

By  allotropy  is  understood  the  phenomenon  presented  by  several 
elements  which  are  capable  of  existing  in  two  or  more  distinct  forms, 
each  of  which  exhibits  well-marked  characteristics  of  its  own,  different 
from  those  of  the  other  modifications.  For  example,  we  have  the 
matter  of  sulphur  producing  the  distinct  substances  called  respec- 
tively, octahedral,  prismatic,  and  plastic  sulphur.  Oxygen  also 
occurs  as  common  oxygen  gas  and  ozone ;  carbon  as  charcoal, 
graphite,  and  diamond  ;  phosphorus  as  crystallised  white  and  red 
varieties  of  the  element. 

In  each  of  these  cases  the  several  modifications  differ  from  one 
another,  not  in  the  material  of  which  they  consist,  but  in  colour, 
crystalline  form,  density,  and  other  physical  characters  ;  also  in  the 
amount  of  energy  associated  with  the  matter.  The  evidence  of  this 
is  to  be  found  in  the  modes  of  formation  of  the  less  stable  from  the 
more  stable  varieties,  and  in  the  different  amounts  of  heat  produced 
in  the  combination  of  these  several  varieties  with  oxygen  or  chlorine, 
or  some  other  element.  In  the  combustion  of  carbon,  for  example, 
in  oxygen,  the  amount  of  heat  evolved  differs  with  each  allotropic 
form.  The  amount  of  heat  is  estimated  by  observation  of  the 
amount  of  water,  the  temperature  of  which  is  raised  through  a  given 
range  of  some  thermometric  scale. 

Grams  of  Water  heated  1°  0.  hj  burning  1  Gram  of 

Diamond,   7770 

Natural  Graphite,  .  .  .  7797 
Wood  Charcoal,       .       .       .  8080 
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With  these  physical  differences  are  usually  associated  some  notable 
differences  in  chemical  behaviour.  In  the  case  of  carbon,  for 
example,  the  diamond,  even  in  the  form  of  powder,  is  imaffected  by 
sulphuric  acid  or  nitric  and  chloric  acids  ;  gi-aphite  is  converted  by 
the  same  mixture  into  a  yellow  crystalline  substance,  graphic  acid  ; 
while  charcoal  yields  a  black  liquid  which,  by  the  continued  action 
of  the  oxidising  agent,  gives  up  the  whole  of  the  carbon  in  the  form 
of  its  gaseous  oxides. 

The  cases  thus  far  referred  to  are  those  of  elements,  but  something 
analogous  occurs  in  certain  chemical  compounds.  The  dimoi-pliism 
of  calcium  carbonate  and  of  mercuric  iodide,  already  referred  to,  as 
well  as  the  similar  phenomena  exhibited  by  other  substances,  may 
perhaps  be  included  in  the  same  category,  but  the  most  remarkable 
facts  are  to  be  observed  in  connection  with  compounds  of  carbon. 
It  was  discovered  early  in  the  present  century,  so  soon  as  methods 
became  known  for  determining  accurately  the  composition  of  carbon 
compounds,  that  the  same  elements  combined  together  in  the  same 
proportion  may  yet  give  rise  to  compounds  having  wholly  different 
properties.  Compounds  having  this  relation  to  one  another  are  said  to 
be  isomeric*  One  of  the  first  examples  of  this  kind  was  discovered 
in  1828,  when  it  was  found  that  ammonium  cyanate,  NH^CNO  was 
converted  by  a  gentle  heat,  but  without  gain  or  loss  of  any  con- 
stituent, into  urea  or  carbamide,  CO(NH2)2.  Another  good  example 
is  afforded  by  tlie  hydrocarbons  called  terpenes,  all  of  which  have 
the  composition  represented  by  the  formula  CjoHj^ ;  but  one  of  them 
constitutes  spirit  of  turijentine  (boiling-point,  156^),  while  another  is 
the  chief  constituent  of  essence  of  lemon  (boiling-point,  176°),  a 
liquid  of  wholly  different  odour,  density,  and  chemical  habit. 

In  some  cases  the  same  composition  is  preserved,  but  the  molecular 
weight  is  greater  in  one  compoiuid  than  in  another.  For  example, 
nitric  peroxide  at  low  temperatures  has  the  molecular  formula  N^Oj, 
while  at  high  temperatures  it  is  NO2 ;  cyanogen  gas  is  C2N2,  while 
j)aracyanogen  is  C„Hn,  where  n  is  greater  than  2.  Turpentine  oil, 
CiqIIig)  when  heated  moderately,  is  converted  inlo  a  viscid  liquid  of 
very  high  boiling  point,  the  molecular  constitution  of  which  may  be 
expressed  as  (C]oHi(j)n,  while  if  heated  to  low  redness  the  CjoHjq 
splits  into  two  parts  and  yields  a  very  volatile  liquid  called  isoprene, 
which  has  the  formula  C^Hg.  In  all  such  cases  the  different  isomeric 
compounds  are  said  to  be  polymenc,f  in  reference  to  the  fact  that  the 
molecular  weight  of  the  oue  compound  is  a  multiple  of  the  molecular 
Aveight  of  the  other. 

It  is  generally  observed  that  when  the  same  elements  are  united  to 
form  aggregates  of  different  degrees  of  complexity,  the  more  complex 
molecules  form  substances  of  greater  density,  higher  boiling  point  or 
less  volatility,  and  less  solubilitj^  than  the  more  simple.  The  know- 
ledge of  this  fact  seems  to  jioint  to  an  explanation  of  the  differences 
noticed  in  the  allotroiiic  modifications  of  the  elements.    Thus  red 

*  Tcroc,  equal  fiipo<s. 

f  TToXus,  many ;  ficpoi,  part. 
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phosphorus  is  insoluble  in  carbon  bisulphide  and  otlier  liquids  which 
dissolve  white  phosphorus  ;  it  is  also  less  fusible  and  has  a  higher 
density  than  the  more  active  white  allotrope.  This  is  probably  a 
case  of  poh'merisui,  the  red  phosphorus  having  a  relation  to  white 
phosphorus  analogous  to  that  which  subsists  between  paracyanogen 
and  cyanogen. 

Among  carbon  compounds,  the  constitution  of  which  has  been 
generally  more  carefully  studied  than  that  of  any  other  class,  the 
isomerism  may  often  be  accounted  for  in  a  different  way.  It  is 
attributed  to  a  different  arrangement  of  the  atoms  in  the  molecule, 
the  molecular  weight  remaining  unaltered.  Thus  in  the  case  of 
ammonium  cyanate  and  urea  there  is  no  reason  to  suppose  a  differ- 
ence in  the  molecular  weights  of  these  two  compounds,  the  com- 
position of  each  being  fully  expressed  by  the  symbols  CH4N2O.  But 
while  in  the  cyanate  the  atoms  are  distributed  in  one  of  the  follow- 
ing ways  : 

g>N— 0-C— N   or   0-C-N— N<g 

h/  \h 


In  urea  the  atoms  are  linked  together  thus  : 


0-C<  „ 


Such  compounds  are  said  to  be  metamcric. 

It  is  probable  that  some  examples  of  this  diversity  of  arrangement 
are  to  be  found  among  'inorganic'  compounds,  but  their  investiga- 
tion is  far  more  difficult.  One  case  of  the  kind  is  probably  afforded 
by  the  violet  and  green  chromic  sulphates.  If  violet  crystalline 
chrome  alum,  K2S04,Cr2(S04)324H20,  is  dissolved  in  water  and  the 
solution  boiled  for  some  time,  not  only  does  the  colour  of  the  solu- 
tion become  bright  green  and  the  liquid  refuse  to  crystallise,  but  on 
the  addition  of  barium  chloride  in  excess,  the  whole  of  the  sulphate 
is  not  precipitated,  as  would  be  the  case  if  the  salt  retained  its  original 
and  normal  constitution.  The  green  solution  kept  at  common  tem- 
]ieratures  slowly  reassumes  its  violet  colour  and  capacity  for  crystal- 
lisation. 
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HEAT  AND  CHEMICAL  AFFINITY. 

Whatever  may  be  the  nature  of  chemical  affinity,  one  important 
fact  is  clearly  established  with  regard  to  it ;  namely,  that  its  mani- 
festations are  always  accompanied  by  the  evolution  or  absorption  of 
heat.  Change  of  composition,  or  chemical  action,  and  heat  are 
mutually  convertible  ;  a  given  amount  of  chemical  action  will  give 
rise  to  a  certain  definite  amount  of  heat,  which  quantity  of  heat 
must  be  directly  or  indirectly  expended,  in  order  to  reverse  or  imdo 
the  chemical  action  that  has  produced  it.  The  production  of  heat  by 
chemical  action,  and  the  definite  quantitative  relation  between  the 
amount  of  heat  evolved  and  the  quantity  of  chemical  action  which 
takes  place,  are  roughly  indicated  by  the  facts  of  our  most  familiar 
experience ;  thus,  for  instance,  the  only  practically  important 
method  of  producing  heat  artificially  consists  in  changing  the  ele- 
ments of  wood  and  coal,  together  with  atmospheric  oxygen,  into 
carbon  dioxide  and  water ;  and  every  one  knows  that  the  heat  thus 
obtainable  from  a  given  quantity  of  coal  is  limited,  and  is,  at  least 
apjaroximately,  always  the  same.  The  accurate  measurement  of  the 
quantity  of  heat  produced  by  a  given  amount  of  cliemical  action  is 
a  problem  of  very  great  difficulty  ;  chiefly  because  chemical  changes 
very  seldom  take  place  alone,  but  are  almost  always  accompanied  by 
physical  changes,  involving  further  calorimetric  efl'ects,  each  of  which 
requires  to  be  accurately  measured  and  allowed  for,  before  the  effect 
due  to  the  chemical  action  can  be  rightly  estimated.  Thus  the  ulti- 
mate result  has,  in  most  cases,  to  be  deduced  from  a  great  number 
of  independent  measurements,  each  liable  to  a  certain  amount  of 
error.  It  is  therefore  not  surprising  that  the  results  of  various 
experiments  should  difi'er  to  some  extent,  and  that  imcertainty  should 
still  exist  as  to  the  exact  quantity  of  heat  corresponding  with  even 
the  simplest  cases  of  chemical  action. 

The  experiments  are  made  by  inclosing  the  acting  substances  in 
a  calorimeter,  surrounded  by  water  or  mercurj',  the  rise  of  tempera- 
ture in  which  indicates  the  quantity  of  lieat  evolved  by  the  chemical 
action,  after  the  necessary  corrections  have  been  made  for  the  heat 
absorbed  by  the  containing  vessel  and  the  other  parts  of  the  appa- 
ratus, and  for  the  amount  lost  by  radiation,  etc.  For  the  construc- 
tion of  these  instruments  and  the  methods  of  observation  the  reader 
must  rel'er  to  works  on  Heat. 

The  following  table  gives  the  quantities  of  heat,  expressed  in  heat- 
units,  evolved  in  the  combustion  of  various  elements,  and  of  a  few 
compounds,  in  oxygen,  referred  :  (1)  to  1  gram  of  each  substance 
burned ;  (2)  to  1  gram  of  oxygen  consumed  ;  (3)  to  1  atom  or 
molecule  (expressed  in  grams),  of  the  various  substances. 

The  unit  of  heat  here  adopted  is  the  quantity  of  heat  required  to 
raise  1  gram  of  water  from  0°  to  1°  C. 
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Heat  of  Combustion  of  Elementary  Substances  in  Oxygen. 


Units  of  Heat  or  Calories 

Evolved. 

Substance. 

Pro- 
iluct. 

By  1 

By  1 
Gram  of 
O.x-ygen. 

By  1 

Observer. 

Gram  of 

Sub- 
stance. 

Atom  of 

Sub- 
stance. 

Hydrogen,  , 

TLT  r\ 

r  33881 
\  34462 

4235 
4308 

33881 
34462 

Andrews. 
Favre  &  Silber- 
mann. 

Carbon — 

VYoocl-charcoal,  , 

<  7900 
(  8080 

2962 
3030 

94800 
96960 

Andrews. 
Favre  &  Silber- 
mann. 

Gas-retort  carbon, 

8047 

3018 

96564 

Native  graphite, 
Artificial  graphite, 

7797 

2924 

93564 

J  J 

7762 

2911 

93144 

) ) 

Diamond,  . 

7770 

2914 

93940 

Sulphur — 

Native , 

2220 

2220 

71040 

}  J 

Recently  melted. 

J  i 

)» 

Flowers, 

)) 

2307 

2307 

73821 

Andrews. 

Phosphorus — 

(Yellow)  . 

5747 

4454 

178157 

Zinc, 

ZnO 

1330 

5390 

86450 

Iron, 

FeaO, 

1582 

4153 

88592 

M 

Tin, 

SnO„ 

1147 

4230 

135360 

>  J 

Copper, 

CuO 

603 

2394 

38304 

}  I 

The  following  results  have  been  obtained  by  the  complete  com- 
bustion of  partially  oxidised  substances  : — 


Units  of  Heat  Evolved. 

Substance. 

Product. 

By  1 
Gram  of 

Sub- 
stance. 

In  the  Formation 

of  1  Molecule 
of  the  Ultimate 
Product. 

Observer. 

Carbon   monoxide,  1 

CO  .     .  .1 

CO2 

1  2403 
1  2431 

67284 
68064 

[  Favre  &  Sil- 
1  berniann. 
Andrews. 

Stannous  oxide,  SnO 

SnO.. 

519 

69584 

)t 

Cuprous  oxide,  CugO 

CuO 

256 

18304 

1 1 
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The  three  substances  in  this  table  contain  exactly  half  as  much 
oxygen  as  the  completely  oxidised  products  ;  and  on  comparing 
the  amount  of  heat  evolved  in  the  formation  of  one  molecvde  of 
stannic  or  cupric  oxide  from  the  corresponding  lower  oxide,  with 
the  quantity  produced  when  a  molecule  of  the  same  product  is 
formed  by  the  complete  oxidation  of  the  metal  in  one  operation,  we 
find  that  the  combination  of  the  second  half  of  the  oxygen  contained 
in  these  bodies  evolves  sensibly  half  as  much  as  the  combination  of 
the  whole  quantity.  In  the  formation  of  carbon  dioxide,  however, 
the  second  half  of  the  oxygen  appears  to  develop  more  than  two- 
thirds  of  the  total  amount  of  heat ;  but  this  result  is  probably  due, 
in  part  at  least,  to  the  fact  that  when  carbon  is  burned  into  carbon 
dioxide,  a  considerable  but  unknown  quantity  of  heat  is  expended 
in  converting  the  solid  carbon  into  gas,  and  thus  escapes  measure- 
ment ;  while,  in  carbon  monoxide,  the  carbon  already  exists  in  the 
gaseous  form,  and  therefore  no  portion  of  the  heat  evolved  in  the 
combustion  of  this  substance  is  similarly  expended  in  producing  a 
change  of  state. 

It  seems  probable,  also,  that  a  similar  explanation  may  be  given 
of  the  inequalities  in  the  amounts  of  heat  produced  by  the  com- 
bustion of  different  varieties  of  pure  carbon  and  sulphur — that  is 
to  say,  that  a  portion  of  the  heat  generated  by  the  combustion  of 
diamond  and  graphite  goes  to  assimilate  their  molecular-  condition  to 
that  of  wood-charcoal,  and  that  there  is  an  analogous  expenditiu'e  of 
heat  in  the  combustion  of  native  sulphur. 

The  quantities  of  heat  evolved  in  the  combination  of  chlorine, 
bromine,  iodine,  and  other  elements,  with  one  another,  and  in  many 
other  chemical  changes,  such  as  the  neutralisation  of  acids  by  bases, 
the  solution  of  salts  in  water  and  in  other  liqiiids,  have  been  deter- 
mined by  Favre  and  Silbermann,  Andrews,  and  others,  and  especially 
by  Berthelot  and  by  Thomsen ;  but  we  must  refer  to  larger  works 
for  the  full  results. 

The  thermal  effects  which  may  result  from  the  reaction  of  different 
substances  on  one  another  in  jn'esence  of  water,  are  more  complicated 
than  those  resulting  from  direct  combination.  In  addition  to  the 
different  specific  heats  of  the  reagents  and  products,  and  to  the 
different  quantities  of  heat  absorbed  by  them  in  dissolving,  or  given 
out  by  them  in  combining  with  water,  the  conversion  of  soluble  sub- 
stances into  insoluble  ones,  as  a  consequence  of  the  chemical  action, 
or  the  inverse  change  of  insoluble  into  soluble  bodies,  are  among  the 
secondary  causes  to  which  part  of  the  calorimctric  effect  may  be  due 
in  these  cases. 

When  a  gas  dissolves  in  water,  the  heat  due  to  the  chemical  action 
is  augmented  by  that  due  to  the  liquefaction  of  the  gas  ;  so  also 
when  a  solid  body  is  dissolved  in  Avater,  the  total  thermal  effect  is 
due  in  part  to  the  chemical  action  taking  place  between  the  water, 
and  the  solid,  and  in  part  to  the  liqueftiction  of  tlie  substance  dis- 
solved. In  the  former  case  the  chemical  and  physical  parts  of  the 
phenomena  both  cause  evolution  of  heat ;  in  the  latter  case  the 
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physical  change  occasions  disappearance  of  heat,  and  if  this  effect 
is  greater  than  that  due  to  the  chemical  action,  the  ultimate  effect 
is  the  production  of  cold,  and  this  is  often  observed. 

In  order  to  separate  two  masses  which  attract  each  other,  work 
has  to  be  done,  which  is  recoverable  in  the  form  of  mechanical  force, 
or  in  the  form  of  heat,  when  the  bodies  come  together  again.  The 
energy  which  is  put  into  a  mass  of  ice  when  it  is  converted  into 
water,  is  only  latent,  and  is  reproducible  as  sensible  heat  when  the 
water  freezes.  So  also  the  evaporation  of  a  liquid  can  only  be 
effected  at  the  expense  of  kinetic  energy,  which  becomes  potential  in 
the  resulting  vapour.  All  that  is  known  of  chemical  combinations 
and  separations  tends  to  show  that  these  changes  are  subject  to  the 
same  rule  :  namely,  that  combmation  between  tivo  atoms  or  molecules 
is  always  atteiided  by  evolution  of  heat,  and  that  the  separation  of 
bodies  thiis  united  can  only  be  accomplished  by  supphjing  from  ivithout 
an  amount  of  heat  equal  to  that  which  is  disengaged  in  their  union.  If 
this  is  true,  the  energy  of  chemical  separation,  or  "  chemical  affinity," 
should  be  measurable  by  the  amount  of  heat  evolved  in  chemical 
combinations.  Unfortunately,  as  already  indicated,  this  appears  at 
present  to  be  impossible.  If  we  consider  the  action  which  occurs 
between  any  two  of  the  so-called  elements,  and  even  in  those  cases  in 
which  Ave  recognise  a  change  of  state  from  solid  to  liquid,  liquid  to 
gas,  and  so  forth,  and  can  allow  for  this  change,  we  never  find  that 
the  case  can  be  truly  represented  as  one  of  simple  combination  of 
atoms.  Take  hydrogen  and  oxygen  for  example.  The  change  which 
occurs  in  their  combustion  is  not 

2H  +  0  =  H2O  +  340* 

but 

H  0      H      H .  0  .  H 

.   +  .   +   .=  +  34C. 

H  0      H      H .  0 .  H 

Whence  it  is  obvious  that  the  heat  evolved  represents  only  the  balance 
of  surplus  energy  remaining  over  after  H  has  been  separated  from  H 
in  two  molecules  of  hydrogen,  and  0  separated  from  0  in  a  mole- 
cule of  oxygen.  Both  these  operations  involve  the  consumption  of  an 
unknown  amount  of  energy,  which,  however,  is  less  than  that  given 
out  by  combination  of  2H  with  0  twice  over  by  the  amount  340. 

The  result  in  this  case  is  said  to  be  exothermic,  for  heat  is  actually 
evolved,  producing  rise  of  temperature.  From  the  principle  already 
enunciated,  the  greater  the  amoirnt  of  heat  evolved  in  the  reaction, 
the  more  stable  will  be  the  resulting  products.  It  was  formerly 
supposed  that  combination  could  occur  only  between  dissimilar  atoms, 
but  we  now  know  that  not  only  may  atoms  of  the  same  kind  unite 
together  to  form  very  stable  molecules,  but  that,  in  certain  cases,  such 
combinations  are  more  difficult  to  break  up  than  those  of  dissimilar 

*  For  the  sake  of  simplicity  the  figures  given  in  tlie  tables  are  hero  divided 
by  1000.  C=calories. 
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elements.  A  consequence  of  tliis  is,  that  combinations  between 
certain  pairs  of  elements  can  only  be  brought  about  by  indirect  pro- 
cesses, and  the  compounds  thus  formed  contain  more  energy  than 
the  elementary  molecules  from  which  they  were  produced.  Hence 
in  such  combinations  heat  is  not  evolved,  but  a  certain  amount  is 
absorbed,  and  the  change  is  said  to  be  endotliermic.  In  cases  of  this 
kind,  the  amount  of  heat  which  is  absorbed  in  the  process  of  com- 
bination cannot  usually  be  directly  determined,  but  what  is  called 
the  heat  of  formation  may  be  ascertained  in  one  way  by  observing 
the  amount  of  heat  given  out  when  the  compound  is  resolved  into 
its  constituents.    Thus  the  combination 

H2  +  I2  (solid)  =  2HI  (gas), 

is  said  to  be  attended  by  absorption  of  12  calories. 

The  facts  observed  are,  however,  better  expressed  by  tlie  equation 

2HI  (gas)  =  H2  +  I2  (solid)  (  +  12C) 

which  shows  that  the  decomposition  of  hydrogen  iodide  is  accom- 
panied by  the  evolution  of  heat. 

Another  mode  of  proceeding  to  estimate  the  heat  of  combination, 
in  such  a  case  as  that  of  hydrogen  and  iodine,  is  as  follows  : — First 
the  heat  of  solution  of  the  compound  HI  in  water  is  determined,  and 
found  to  be 

HI  -1-  4OOH2O  =  -1-190, 

Then  the  action  of  iodine  upon  hydrogen  sulphide  is  studied,  and 
it  is  observed  that  iodine,  solid  or  dissolved  in  carbon  bisulphide, 
will  not  act  upon  hydrogen  sulphide  in  the  gaseous  state  at  any 
temperature  below  that  at  which  the  HjS  is  decomposed,  but  iodine 
does  act  upon  hydrogen  sulphide  in  the  presence  of  much  water,  and 
with  evolution  of  heat. 

2H2S  +  2I2  =  4HI  +  S2(-|-  340). 

in  water.  dissolved,  solid. 

A  part  of  the  heat  evolved,*  viz.,  19  x  4  =  76,  is  due  to  the  solution 
of  the  4HI  in  water.  The  separation  of  the  S  from  Hj  in  jiresence  of 
water  is  known  to  be  attended  by  absorption  of  9  x  2  =  180.  Intro- 
ducing these  values  into  the  equation,  we  find  that  of  the  heat 
produced  in  the  reaction  (76),  a  part  is  employed  in  the  separation 
of  the  S  from  the  Hg  (18),  a  part  becomes  sensible  to  the  thermo- 
meter, raising  the  temperature  of  the  liquid  (34),  while  the  balance 
goes  to  the  4H  and  41  which  combine 

76  -  (18  -I-  34)  =  24. 

*  In  this  rough  estimate,  the  heat  evolved  in  consequeuce  of  the  precipitation 
of  solid  sulphur,  and  the  heat  absorhed  in  the  solution  of  the  solid  iodine,  are 
neglected. 
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So  that  the  heat  absorbed  in  combination  of  H  with  I  must  be 
24 

approximately  —  or  6C,  which  agrees  with  the  result  of  the  other 
method. 

It  is  instructive  to  compare  this  result  with  the  corresponding 
combinations  of  chlorine  and  bromine,  which  can  be  effected  directly  : 

H  +  CI  +  400H.,O  =  HC1400H.,0  +  39C. 
H  +  Br  +  4OOH2O  HBr400H2O  +  28C. 
H  +  I    +  4OOH2O  =  HI4OOH2O    +  13C. 

If  in  each  case  the  observed  heat  of  dissolution  of  the  hydracid  in 
water  is  deducted,  the  following  are  the  values  obtained  : 

Heat  of  Heat  of  formation 

solution.  of  the  gas. 

HCl  39-17  =  +22G 
HBr  28-20  =  +  80 
HI        13-19       =        -  60. 

These  results  accord  with  everyday  experience  of  the  general 
behaviour  of  these  compounds,  and  together  with  many  others  of 
similar  kind  lead  to  the  recognition  of  a  general  principle  which  may 
be  stated  broadly  as  follows  : — In  any  mixture  of  materials  placed 
under  such  conditions  of  temperature,  &c.,  that  the  bodies  present  may 
act  upon  one  another,  if  two  or  more  rearrangements  are  possible, 
those  compounds  %mll  he  formed  in  the  production  of  which  the  greatest 
evolution  of  heat  occurs,  and  will  continue  to  be  formed  until  the 
conditions  are  so  altered  as  to  put  a  stop  to  the  action.  We  know, 
for  example,  that  chlorine  displaces  bromine  from  all  its  compounds 
with  metals  and  with  hydrogen,  and  that  both  chlorine  and  bromine 
act  similarly  towards  iodine.  We  know  that  hydrogen  will  burn  in 
chlorine  gas,  but  that  in  bromine  vapour  it  will  not  burn  unless  the 
temperature  of  both  be  raised,  while  hydrogen  wOl  not  only  not 
burn  under  any  known  circumstances  in  iodine  vapour,  but  that 
when  these  are  mixed  together  and  gently  heated  combination 
ensues  very  slowly.  Hydrogen  iodide  is  completely  decomposed 
below  a  red  heat,  and  in  the  presence  of  air  it  gives  up  iodine  at 
common  temperatures.  In  solution  it  acts  as  a  powerful  reducing 
agent,  iodine  being  set  free,  though  the  extent  of  dilution  materially 
afifects  its  action  in  this  respect,  a  strong  or  saturated  solution  being 
most  easily  decomposed,  while  the  acid  is  more  stable  when  much 
water  is  present.  And  it  is  found  that  the  reaction  between  iodine 
and  hydrogen  sulphide  proceeds  freely  in  the  presence  of  water  only 
80  long  as  the  proportion  of  water  is  relatively  large.  As  the 
hydriodic  acid  accumulates  in  the  liquid  and  the  proportion  of  water 
tlierefore  relatively  less,  the  action  slackens,  and  finally  ceases 
altogether  when  the  solution  contains  about  50  per  cent,  of  hydrogen 
iodide,  and  has  a  density  1  -56.  If  a  solution  of  hydriodic  acid  stronger 
than  this  be  made  otherwise,  the  addition  of  solid  sulphur  to  the 
liquid  causes  an  immediate  liberation  of  iodine  and  evolution  of 
hydrogen  sulphide. 
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Tlie  dissolution  of  salts  and  other  solids  in  liquids  is  an  act  which 
is  always  accompanied  by  thermal  change,  made  manifest  by  the 
evolution  or  absorption  of  heat.  Thus  if  sulphuric  or  phosphoric 
oxide  is  dissolved  in  water,  or  anhydrous  chloride  of  iron,  calcium, 
or  zinc,  dry  sodium  carbonate  or  sodium  sulphate  is  dissolved  in 
the  same  liquid,  heat  is  given  out.  In  cases  such  as  these  there 
can  be  no  reasonable  doubt  that  the  heat  evolved  is  mainly  the 
result  of  chemical  combination  taking  place  between  the  solid  and 
the  solvent.  The  following  examples  exhibit  the  amount  of  heat, 
which  is  sometimes  considerable,  thus  produced  in  the  dissolution 
of  the  several  salts  in  a  relatively  large  volume  of  water  at  the  tem- 
perature 18°. 


Formula  of  Salt. 

Katio  of  Water  to  Salt 
in  Molecules. 

Heat  of  Dissolution  at  18° 
Calories. 

K2CO3 

400 

6490 

400 

5640 

400 

5640 

BaGla 

400 

2070 

MgCln 

300 

17410 

800 

35920 

MgSd^ 

400 

20280 

ZnCl^ 

300 

15630 

350 

17900 

FeClg 

1000 

31680 

CuCla 

600 

11080 

These  examples  are  sufficient  to  show  that  a  very  energetic  action 
often  occurs,  and  that,  to  judge  by  the  heat  evolved  in  the  act,  a  very 
stable  compound  may  result.  This  is  the  case,  though  it  may  be 
observed  that  the  evolution  of  much  heat  in  the  process  of  solution 
does  not  indicate  that  the  salt  will  combine  with  a  large  quardity  of 
water.  This  may  be  noticed  in  the  two  salts  first  mentioned, 
namely,  the  carbonates  of  potassium  and  sodium.  The  former 
retains,  when  in  the  solid  state,  only  about  1  molecule  of  water  ;  the 
latter,  though  it  crystallises  with  IOH2O,  gives  in  the  process  of  dis- 
solution somewhat  less  heat  than  the  potassium  salt. 

On  the  other  hand,  there  is  a  very  large  number  of  cases  in  which 
the  act  of  dissolving  a  solid  salt  in  water  is  attended  by  absorption  of 
heat.    The  following  are  some  examples.    (Sec  Table,  p.  289.) 

Here,  too,  a  reason  can  be  at  once  assigned  for  the  greater  part  of 
the  thermal  effect,  namely,  the  change  of  condition  from  solid  to 
liquid  when  the  salt  dissolves.  The  mere  latent  heat  of  fusion  is, 
however,  not  sufficient  in  the  few  cases  which  have  been  examined  to 
accoiint  for  the  whole.  Potassium  nitrate,  for  example,  melts  at 
339°,  and  in  the  act  of  melting,  each  molecular  weight  absorbs  4787-4 
calories,  which  is  only  a  little  more  than  half  the  amount  of  heat 
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Formula  of  Salt. 


Katio  of  Water  to  Salt 
in  Molecules. 


Heat  of  Dissolutiou  at  18° 
Calories. 


KNO3 
KCIO3 
K.,S04 
NaCl 

NaoCOalOHoO 

Na:;HP042H„0 

Na."HP04l2HoO 

CaClaeHoO 

MgSOjTHoO 


200 
400 
400 
100 
400 
400 
400 
400 
400 


-  8520 
- 10040 

-  6380 

-  1180 
-16160 

-  390 

-  22830 

-  4340 

-  3800 


absorbed  in  dissolving  the  same  amount  of  the  salt  in  water.  The 
difference  may  be  accounted  for  by  noticing  that  energy  is  consumed, 
not  only  in  the  change  of  solid  salt  into  liquid  (fusion),  but  in  the 
intermixture  of  the  separated  salt  molecules  with  those  of  the  water, 
also  in  the  process  which  attends  the  introduction  of  the  salt,  con- 
sisting in  the  breaking  up  of  the  groups  of  water  molecules  into 
simpler  groups,  a  process  which  is  analogous  to  volatilisation.  When 
a  solid  is  thus  made  to  liquefy  by  a  relatively  weak  chemical 
attraction,  cold  usually  results.  This  is  the  principle  of  freezing 
mixtures. 

When  snow  or  powdered  ice  is  mixed  with  common  salt,  and  a 
thermometer  plunged  into  the  mass,  the  mercury  sinks  to  0°  F. 
(-17 7°  C),  while  the  whole  after  a  short  time  becomes  fluid  ;  such 
a  mixture  is  very  often  used  in  chemical  experiments  to  cool 
receivers  and  condense  the  vapours  of  volatile  liquids.  Powdered 
crystallised  calcium  chloride  and  snow  produce  cold  enough  to  freeze 
mercury.  Even  powdered  potassium  nitrate,  or  sal-ammoniac,  or 
ammonium  nitrate,  dissolved  in  water,  occasions  a  very  notable 
depression  of  temperature  ;  in  every  case,  in  short,  in  which  solution 
is  unaccompanied  by  energetic  chemical  action,  cold  is  produced, 
and  even  some  cases  in  which  notable  chemical  reactions  occur,  also 
lead  to  reduction  of  temperature  when  the  sum  of  the  endothermic 
effects  exceeds  the  sum  of  the  exothermic  effects  attending  the 
change.  Thus  a  mixture  of  crystallised  sodium  sulphate  and  strong 
aqueous  hydrochloric  acid  forms  a  mixture  capable  of  giving  [a 
reduction  of  temperature  amounting  to  some  30°  below  the  ordi- 
nary temperature — the  reduction  of  temperature  in  this  case  being 
mainly  due  to  the  liquefaction  of  the  water  of  crystallisation  of  the 
salt,  the  effect  of  which  more  than  compensates  for  the  heat-evolution 
attending  the  conversion  of  the  sulphate  into  chloride  of  sodium. 

As  a  general  rule,  a  salt  which,  on  being  dissolved  in  water,  gives 
out  heat,  gives  a  further  amount  when  its  solution  is  diluted  ;  antl, 
on  the  other  hand,  salts  which  in  dissolving  absorb  heat  usually 
absorb  a  further  amount  when  the  solution  is  diluted.  The  thermal 
change,  positive  or  negative,  becomes  less  and  less  as  the  liquid  ia 
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diluted,  though  it  is  often  recognisaLle  even  after  the  addition  of 
several  hundreds  of  molecules  of  water  to  one  molecule  of  salt. 

The  heat  produced  during  the  neutralisation  of  acids  by  alkalis 
has  been  the  subject  of  much  research,  and  has  led  to  some  interest- 
ing results.  Tiie  following  table  includes  the  values  assigned  by 
Julius  Tliomsen  to  the  heat  change  attending  the  neutralisation  of 
the  more  common  acids  : — 


Heat  of  Neutralisation  of  Acids  by  Soda  in  presence  of  Water, 
HR  +  NaHO  =  Nal  +  HgO. 


HCl,  . 
HBr,  . 

HI,       .       .  . 
HF,      .  . 
HNO3,  . 

H3PO,,  .       .  . 
HPO3,  . 
■IH2SO4, 

IH3PO3,       .  . 

HCHO2  (formic  acid), 
HC2H3O2  (acetic  acid), 
JH2C2O4  (oxalic  acid), 


Calories. 
13740 
13748 
13721 
16272 
13617 
15160 
14510 
15690 
14228 
11343 
13450 
13400 
13840 


When  a  polybasic  acid  is  neutralised  by  an  alkali  introduced  in 
successive  doses,  the  exchange  of  the  metal  for  the  several  atoms  of 
hydrogen  of  the  acid  is  not  usually  attended  by  the  evolution  of  the 
same  amount  of  heat.  Thus  when  sulphuric  acid  is  neutralised  by 
soda  the  amount  of  heat  evolved  per  molecule  of  NaHO  added,  is  as 
follows : 

The  second  molecule  of  NaHO  seems  to  give  more  heat  than  the 
first. 

In  the  case  of  orthophosphoric  acid,  however,  the  addition  of 

The  first  molecule  of  NaHO  to  H3PO4  gives  +  14289 

The  second  molecule  of  NaHO  to  the  preceding  mixture  +  12249 
The  third  molecule  of  NaHO  to  the  preceding  mixture   +  6951 

This  seems  to  agree  with  the  fact  that  the  solutions  of  the  di-  and 
tri-sodium  phosphates  in  water  are  strongly  alkaline,  and  probably 
contain  free  sodium  hydrate  formed  by  the  action  of  the  water  on 
the  salt. 

The  heat  of  neutralisation  of  acids  by  alkalis  lias,  however,  received 
another  interpretation  which  will  be  referred  to  again  when  the 
phenomena  of  electrolysis  have  been  discussed. 
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ELECTROLYSIS. 

Electro-chemical  Theories, 

Electrolysis. — When  an  electric  current  produced  by  any  means 
whatever  is  made  to  pass  through  a  solid,  one  of  the  following  effects 
ensues  ;  (I)  The  current  is  conducted  with  practically  no  loss  by  such 
substances  as  silver  or  copper  when  rods  of  sufficient  thickness  are 
used  ;  (2)  resistance  is  offered  by  the  substance,  and  the  energy  of  the 
current  is  more  or  less  completely  converted  into  heat,  as  is  the 
case  with  the  metals  platinum,  bismuth,  and  the  solid  non-metals 
carbon,  &c. 

If  the  solid  is  replaced  by  a  liquid,  the  current  may  be  (1)  entirely 
stopped  by  such  liquids,  as  dry  petroleum,  anhydrous  hydrogen, 
chloride,  &c.,  (2)  it  may  pass  without  loss  and  without  chemical  effect 
through  mercury  and  other  molten  metals,  or  (3)  it  may  cause 
decomposition  of  one  or  more  constituents  of  the  liquid.  This  last 
process  which  is  called  electrolysis*  occurs  when  a  current  is  made  to 
traverse  solutions  of  acids  or  metallic  salts,  also  many  metallic  com- 
pounds when  melted.  Exam^^les  of  electrolysis  such  as  the  decompo- 
sition of  acidulated  water,  of  solution  of  common  salt,  and  of  strong 
hydrochloric  acid,  have  already  been  supplied  earlier  in  the  book. 

In  order  that  electrolysis  may  occur,  the  substance  must  be  in  the 
liquid  state.  Lead  chloride  for  example,  if  melted  in  a  crucible, 
conducts  a  current  freely,  and  gives  up  its  elements,  lead  and  chlorine 
at  the  electrodes  or  wires  by  which  the  current  passes  into  the  fused 
mass  ;  but  if  the  source  of  heat  is  withdrawn  and  the  salt  allowed  to 
solidify  in  the  crucible,  decomposition  at  once  ceases,  and  if  a  galvano- 
meter is  included  in  the  circuit,  it  becomes  evident  that  the  current 
is  no  longer  passing.    Similarly,  ice  arrests  the  passage  of  a  current. 

A  compound  is,  however,  not  necessarily  an  electrolyte  because  it 
is  liquid.  Thus,  pure  dry  liquid  hydrogen  chloride  and  liquid 
stannic  chloride  are  incapable  of  conducting,  and  only  undergo 
electrolytic  decomposition  when  the  current  passes  through  them 
after  addition  of  water. 

During  electrolysis,  the  elements  are  disengaged  solely  at  the 
limiting  surf  aces  of  the  liquid,  where,  according  to  the  common  mode 
of  speech,  the  current  enters  and  leaves  the  latter,  all  the  intermediate 
portions  appearing  perfectly  quiescent.  If,  while  the  decomposition 
is  rapidly  proceeding,  the  intervening  liquid  be  examined  by  a  beam 
of  light,  or  by  other  means,  not  the  slightest  disturbance  or  move- 
ment of  any  kind  will  be  perceived  ;  nothing  like  currents  in  the 
liquid  or  bodily  transfer  of  gas  from  one  part  to  another  can  be 
detected. 

*  From  fiXcKTpov,  and  Xucw,  to  loose. 
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In  addition,  the  elements  are  not  separated  indifferently  and  at 
random  at  these  two  surfaces,  but  make  their  appearance  with 
perfect  uniformity  and  constancy  at  one  or  the  other,  according  to 
their  chemical  character,  namely,  oxygen,  chlorine,  iodine,  acids,  &c., 
at  the  surface  connected  with  the  platinum,  carbon,  copper,  or  positive 
end  of  the  battery  ;  hydrogen,  and  the  metals,  at  the  surface  in 
coimection  with  the  zinc,  or  negative  extremity  of  the  arrangement. 

The  former  is  called  the  anode,  and  the  substances  disengaged  from 
this  surface  are  often  spoken  of  as  anions  or  as  electro-negative  ions, 
while  the  wire  at  which  hydrogen  and  metals  make  their  appearance 
is  called  the  cathode,  and  the  io7is  or  elements  which  collect  there  are 
called  cathions  or  as  electro-positive  elements. 

Not  only  is  electrolysis  definite  in  direction,  it  is  also  definite  in 
amount,  and  of  the  quantitative  laws  established  by  the  researches 
of  Faraday,  the  two  following  are  of  great  importance  to  the  student 
of  chemistry. 

1.  The  amount  of  chemical  decomposition  is  proportional  to  the  strength 
of  the  current,  or  the  quantity  of  any  ion  set  free  in  a  given  time  is 
proportional  to  the  strength  of  the  current. 

2.  Io7is  are  liberated  bij  the  same  current  in  quantities  lohich  are  pro- 
portional to  their  chemical  equivalents. 

The  same  current  which  decomposes  9  parts  by  weight  of  water 
will  separate  the  elements  in  166  parts  of  potassium  iodide,  and  will 
cause  the  deposition  of  the  metal  from  79'5  of  cupric  sulphate. 
Hence  to  calculate  the  amount  of  any  simple  or  compound  ion 
liberated  by  a  current,  it  is  only  necessary  to  divide  its  atomic  weight 
by  the  number  which  expresses  its  valency.  For  example,  if  1  part 
by  weight  of  hydrogen  is  liberated  in  one  cell  of  any  circuit  which 
includes  a  battery,  and  a  series  of  separate  vessels  containing  different 
solutions,  the  quantities  of  the  elements  liberated  will  be  as  follows  : — 


Atomic 'Weight. 

Valency. 

Equivalent. 

Oxygen, 
Chlorine, 

16 
35-5 

2 
1 

8 

35-5 

Iodine, 

127 

1 

127 

Sodium, 

23 

1 

23 

Copper, 
Mercury, 
&c. 

63 
200 
&c. 

2 
2 
&c. 

31-5 
100 

In  the  case  of  oxy-salts  which  contain  compound  salt  radicles,  such 
as  sulphates  and  nitrates,  the  initial  stage  in  tlie  process  of  decompo- 
sition by  the  current  appears  to  be  the  same  as  that  of  the  haloid 
salts  ;  copper  chloride,  for  example,  is  divided  into  its  two  elements, 

Cu  and  2C1, 

and  cupric  sulphate  into  the  ions 

Cu  and  SO4. 

In  such  cases  the  substances  actually  obtained  are  the  metal  at  the 
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cathode,  and  oxygen  at  the  anode,  for  the  SO4  in  the  presence  of  water 
is  immediately  resolved  into  sulphuric  acid  and  water  ;  804  =  803+ 
0  and  S03  +  H20  =  H2S04. 

In  many  cases  secondary  products  occur  as  the  result  of  the  action 
of  the  liberated  ion  upon  the  water  or  other  medium  in  the  midst  of 
which  it  is  set  free.  Thus  when  an  aqueous  solution  of  common  salt 
is  electrolysed,  the  products  are  not  metallic  sodium  and  chlorine,  but 
sodium  hydroxide  and  hydrogen  at  the  cathode,  while  chlorine  is  set 
free  at  the  anode  if  the  solution  is  strong,  or  hydrogen  chloride  is 
formed  and  oxygen  given  off  if  the  solution  is  dilute.  Hence  the 
earlier  experimenters  were  led  to  the  conckision  that  salts  such  as 
potassium  and  sodium  sulphate  were  made  up  of  the  alkali-metal  oxide 
or  base  and  a  non-metallic  oxide,  then  regarded  as  the  acid.  Thus, 


Sodium  Sulpliate. 
NagOSOs  = 


Soda. 
NagO 


Sulphuric  Acid. 
+  SO,. 


To  all  other  metallic  salts  a  similar  constitution  was  attributed,  the 
precipitation  of  the  metal,  and  not  of  the  metallic  oxide,  being 
supposed  due  to  the  simultaneous  action  of  hydrogen  formed  by  the 
decomposition  of  water. 

In  order  to  account  for  the  appearance  of  the  products  of  electrolysis 
upon  the  surface  of  the  electrodes  only,  and  not  at  any  intervening 
portion  of  the  liquid,  the  following  hypothesis  put  forward  in  1805 
by  Grotthuss,  has  been,  until  of  late  years,  very  generally  adopted. 
The  hypothesis  supposes  that  in  a  solution  of,  for  example,  hydrogen 
chloride,  the  molecules  of  this  compound  are  moving  about  in  all  con- 
ceivable directions,  but  that  immediately  two  metallic  wires  or  plates 
at  different  electrical  potential  are  introduced,  the  molecules  between 
them  become  ranged  in  chains  which  extend  across^the  liquid  from  one 
plate  to  the  other.  The  atoms  forming  these  molecules  then  under- 
go a  process  of  transfer  from  molecule  to  molecule,  as  shown  in  the 
two  following  diagrams,  in  which  it  is  seen  that  the  hydrogen  travels 

Fig.  106.  Fig.  107. 


@i®[®i®i©i®i®il®r®i©((^ 


Hydrochloric  acid  immediately 
before  electrolysis. 


Hydrooliloric  acid  undergoing  electrolysis. 


in  the  one  direction  while  the  chlorine  travels  in  the  opposite  direction, 
and  neither  becomes  free  till  it  reaches  the  end  of  the  chain  of  mole- 
cules and  arrives  at  the  .surface  of  the  electrode,  from  which  it  is  dis- 
engaged in  the  form  of  gas. 

An  importa,nt  modification  has  of  late  years  been  introduced  into 
this  hypothesis.  It  is  now  as.sumed  by  many  physicists  that  a  solu- 
tion of,  for  example,  hydrogen  chloride  in  water  contains,  not  entire 
molecules  of  that  compound,  or  comparatively  few  of  them,  but  the 
ions  or  products  of  its  dissociation  distributed  throughout  the  liquid. 
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These  free  atoms  are  supposed  to  carry  charges  of  positive  and  nega- 
tive electricity,  and  unite  when  they  approach  one  of  the  opposite  kind. 
Molecules  of  the  compound  hydrogen  chloride  are  thus  formed 
temporarily,  but  the  ions  immediately  afterwards  dissociate  again. 
When  the  electrodes  are  introduced  the  hydrogen  ions  with  their 
positive  charge  are  drawn  to  the  negative  pole,  while  the  chlorine 
ions  being  charged  negatively,  go  to  the  positive.  According  to  this 
view  the  action  of  the  '  current'  is  merely  to  cause  the  movement  of 
the  already  separated  ions  to  tije  surfaces  of  the  electrodes,  where  they 
give  up  their  electricity  and  join  up  in  couples,  or  otherwise,  to  form 
ordinary  molecules  of  the  elementary  substances  hydrogen  and 
chlorine,  in  the  form  in  which  they  are  alone  known  to  us. 

It  was  supjDosed  by  Berzelius  and  by  Davy  that  chemical  com- 
bination is  due  to  the  attraction  of  oppositely  electrified  atoms  ;  that 
liydrogen,  for  example,  having  an  inseparable  charge  of  positive 
electricity,  was  capable  of  combining  only  with  substances  such  as 
chlorine  or  oxygen,  the  atoms  of  which  have  a  similar  negative  charge, 
electric  neutrality  resulting  from  the  close  approximation  of  the  two. 
This  view,  however,  is  surrounded  by  difficulties.  It  seems  also  to 
be  incompatible  with  the  dissociation  hypothesis  jiist  mentioned, 
for  supposing  two  hydrogen  atoms  to  arrive  at  the  negative  electrode, 
or  in  any  other  way  to  be  brought  near  to  each  other,  there  seems  to 
be  no  reason  why  being  similarly  charged  they  should  unite,  or  if 
they  did  combine,  why  the  resulting  couple  should  not  show  signs 
of  electrical,  that  is  of  chemical,  activity,  twice  as  great  as  the  single 
atoms.  We  know,  however,  that  this  isnot  the  case,hydrogen  gas  being 
singularly  inert,  and  the  belief  that  the  atoms  of  hydrogen  do  unite 
to  form  hydrogen  molecules  is  both  well  founded  and  very  generally 
accepted. 

The  supporters  of  the  dissociation  hypothesis  attribute  the  chemical 
activity  of  many  substances,  especially  acids  and  bases,  to  the  state  of 
dissociation  in  which  they  are  supposed  to  subsist  in  their  solutions. 
A  'strong'  acid,  for  example,  is  one  in  which  the  complete  molecules 
are  few  and  the  ions  more  generally  dissociated  than  is  the  case  in  a 
'weak'  acid.  This  hypothesis  is,  therefore,  necessarily  associated 
with  another,  as  to  the  nature  of  the  change  which  occurs  when  an 
acid  is  neutralised  by  an  alkali.  The  action  of  soda  on  hydrochloric 
acid,  for  example,  is  not 

NaHO  +  HCl  =  NaCl  +  HHO ; 

but  soda,  acid,  and  resulting  salt  being  alike  dissociated,  while  the 
water,  a  very  neutral  and  inactive  subst;\nce,  is  supposed  to  be  dis- 
sociated not  at  all,  or  to  a  very  small  extent,  the  only  chemical  com- 
bination whicli  occurs  in  the  process  is  between  the  hydrogen  of  the 
acid  and  the  hydroxyl  HO  of  the  alkali. 

Na  +  HO  -F  H  -f  01  =  Na  +  CI  +  HHO. 

Hence  it  follows  that  the  heat  which  is  evolved  in  this  operation 
must  be  due  solely  to  the  formation  of  water.    On  referring  to  the 
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of  the 
series, 
plates 


Fig.  lOS. 


table  (p.  290)  in  which  is  given  the  heat  of  neutralisation  of  various 
acids  by  soda  in  the  presence  of  water,  it  will  be  seen  that  the  evolu- 
tion of  heat  is  nearly  uniform,  the  majority  of  acids  giving  between 
13,000  and  14,000  calories  per  molecule  of  soda. 

Theory  of  th.e  Voltaic  Battery. — The  metals  of  voltaic  batteries 
are  usually  zinc  for  the  active  metal,  and  copper,  silver,  or  platinum, 
for  the  inactive  one  :  the  greater  the  difference  of  chemical  activity 
the  greater  the  difference  of  electrical  potential,  and,  consequently,  the 
greater  electromotive  force  and  the  more  active  the  battery  as  a  source 
of  electricity.  Hard  carbon  is  often  substituted  for  the  inactive  metal. 
The  liquid  is  usually  dilute  sulphuric  acid. 

The  figure  (108)  represents  the  first  and  simplest  form  of  battery  or 
"crown  of  cups"  invented  by  Volta.  A  number  of  cups  or  glasses 
are  arranged  in  a  row  or  circle,  each  containing  a  piece  of  active  and 
a  piece  of  inactive  metal,  and  a  portion  of  exciting  liquid — zinc, 
copper,  and  dilute  sulphuric  acid,  for  example.  The  copper  of  the 
first  cup  is  connected  with  the  zinc  of  the  second,  the  copper 
second  with  the  zinc  of  the  third,  and  so  to  the  end  of  the 
On  establishing  a  communication  between  the  first  and  last 
by  means  of  a  wire,  or  otherwise,  a  current  is  established. 

In  every  form  of  such  apparatus,  however  complex  it  may  appear, 
the  direction  of  the  cur- 
rent may  be  easily  under- 
stood and  remembered. 
When  both  ends  of  the 
series  are  insulated,  the 
zinc  endexhibitsnegative, 
the  copper  or  platinum 
end  positive  electricity  : 
consequently,  when  the 
two  extremities  are  joined 
by  a  conducting  wire,  the 
current  of  positive  elec- 
tricity proceeds  tvithout 

the  battery  from  the  platinum  or  copper  to  the  zinc,  and  within  the 
battery,  from  the  zinc  to  the  copper  or  platinum,  as  indicated  by  the 
arrows. 

While  the  circuit  remains  broken,  the  zinc  is  perfectly  inactive, 
no  acid  is  decomposed,  no  hydrogen  liberated  ;  but  the  moment  the 
connection  is  completed,  bubbles  of  hydrogen  arise,  not  from  the  zinc, 
but  from  the  copper  or  jjlatinum  surfaces  alone,  while  the  zinc  dis- 
solves quietly.  The  acid  undergoes  electrolysis,  its  hydrogen  appear- 
ing at  the  negative  plate,  and  its  sulijliion,  SO,,,  uniting  with  the 
substance  of  the  positive  zinc. 

Common  zinc  is  very  readily  attacked  and  dissolved  by  dilute  sul- 
phuric acid.  This  arises  from  the  formation  of  a  multitude  of  little 
voltaic  circles,  by  tlie  aid  of  particles  of  foreign  metals  partially  im- 
bedded in  the  zinc.  This  gives  rise  in  the  battery  to  wliat  is  called 
local  action,  by  which,  in  the  common  forms  of  apparatus,  three- 
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fourths  or  more  of  the  metal  is  often  consumed,  without  contributing 
in  the  least  to  the  general  effect,  but,  on  the  contrary,  injuring  it  to 
some  extent.  This  evil  is  got  rid  of  by  amalgamating  the  surface  so 
as  to  cover  up  the  particles  of  foreign  metal  and  constantly  present  a 
fresh  surface  of  zinc. 

By  experiments,  in  which  local  action  was  avoided,  it  has  been 
proved  that  the  quantity  of  electricity  set  in  motion  by  the  battery 
varies  with  the  zinc  dissolved.  Coupling  this  fact  with  that  of  the 
definite  action  of  the  current,  it  will  be  seen  that  when  a  perfect 
battery  of  this  kind  is  employed  to  decomjjose  hydrochloric  acid,  in 
order  to  evolve  1  gram  of  hydrogen  from  the  latter,  32 '5  grams  of 
zinc  must  be  dissolved  as  chloride,  and  its  equivalent  quantity  of 
hydrogen  disengaged  in  each  active  cell  of  the  battery, — that  is  to  say, 
that  the  electricity  generated  by  the  solution  of  an  equivalent  of 
zinc  in  the  battery  is  capable  of  effecting  the  decomposition  of  an 
equivalent  of  hydrochloric  acid  or  any  other  electrolyte  out  of  it. 

In  all  the  older  forms  of  the  voltaic  battery,  such  as  Volta's,  Cruick- 
shanks',  and  Wollaston's,  in  which  two  metals,  zinc  and  copper,  are 
immersed  in  a  single  exciting  fluid,  the  power  rapidly  decreases. 
This  loss  of  power  depends,  partly  on  the  gradual  change  of  the 
sulphuric  acid  into  zinc  sulphate,  but  still  more  on  the  coating  of 
hydrogen,  and,  at  a  latter  stage,  on  the  pre- 
cipitation of  metallic  zinc  on  the  cojiper  plates. 
It  is  evident  that  if  the  copper  plate  in  the 
liquid  became  covered  with  zinc,  it  would  act 
-:    electrically  like  a  zinc  plate. 

To  prevent  this  alteration  of  the  negative 
plate,  and  consequent  loss  of  electric  power,  it 
is  necessary  either  to  remove  the  hydrogen  as 
fast  as  it  accumulates,  or  to  prevent  its  evolution 
altogether,  and  for  this  purpose  various  forms 
of  battery  have  been  devised. 

Daniell's  Battery. — In  this  form  of  battery 
(fig.  109)  each  cell  consists  of  a  cojiper  cylinder 
within  which  is  placed  a  hollow  cylinder  of 
unglazed  earthenware,  in  the  axis  of  which  is 
jilaced  a  rod  of  amalgamated  zinc.  This  inner 
cylinder  is  filled  witli  a  mixture  of  1  part  by 
measure  of  oil  of  vitriol  and  8  of  water,  and 
the  exterior  space  with  the  same  liquid  satu- 
rated with  copper  sulphate.  A  sort  of  little 
colander  is  fitted  to  the  top  of  the  cell,  in  which 
crystals  of  the  copper  sulphate  are  placed,  so  that  the  strength  of  tlie 
solution  may  remain  unimpaired.  When  a  communication  is  made 
hy  a  wire  between  the  rod  and  the  copper  cylinder,  a  strong  current 
is  produced,  the  power  of  which  may  be  increased  to  any  extent  by 
connecting  a  suilicicnt  number  of  such  cells  into  a  series,  on  the 
principle  of  the  crown  of  cups,  the  copper  of  the  first  being  attached 
to  the  zinc  of  the  second. 
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By  tliis  arrangement  the  accumulation  of  hydrogen  and  deposition 
of  zinc  on  the  surface  of  the  copper  plate  is  altogether  avoided  ;  the 
zinc  in  the  porous  cell,  whilst  it  dissolves  in  the  sulphuric  acid, 
decomposes  it,  but  does  not  liberate  any  hydrogen  ;  for  at  the 
boundary  of  the  copper  solution,  the  hydrogen  takes  the  place  of  the 
copper,  and  thus  copper  is  precipitated  on  the  copper  plate  which 
simply  increases  in  thickness  while  constantly  preserving  the  same 
kind  of  surface. 

Grove's  Battery. — This  form  of  battery  has  nearly  double  the  electro- 
motive force  of  Daniell's.  One  of  the  cells  is  represented  in  fig.  110. 
The  zinc  plate  is  bent  round,  so  as  to  present  a  double 
surface,  and  is  well  amalgamated  :  within  it  stands  a 
tliin  flat  cell  of  porous  earthenware,  filled  with  strong 
nitric  acid,  and  the  whole  is  immersed  in  a  mixture  of 
1  part  by  measure  of  oil  of  vitriol  and  8  of  water, 
contained  in  a  separate  cell  of  glazed  porcelain.  The 
arrangement  is  completed  by  a  strip  of  platinum  foil, 
which  dips  into  the  nitric  acid.  In  this  cell  there  is  no 
"  polarisation"  :  for  the  hydrogen,  in  passing  through 
the  nitric  acid  in  its  progress  towards  the  platinum 
plate,  decomposes  the  nitric  acid,  and  is  itself  oxi- 
dised to  water,  while  nitrogen  j^eroxide  is  formed  and 
remains  dissolved  in  the  nitric  acid. 

Bunsen  has  modified  the  Grove  battery  by  sub- 
stituting for  the  platinum  dense  charcoal  or  coke, 
which  is  an  excellent  conductor  of  electricity.    By  this 
alteration,  at  smaller  expense,  a  battery  is  made  which  is  much  in  use 
and  nearly  as  powerful  as  that  of  Grove. 

Zinc-carbon  batteries  with  a  single  liquid  are  often  employed. — 
In  the  Bichromate  batterij,  an  ordinary  form  of  which  is  represented 
in  fig.  Ill,  a  zinc  plate  placed  between  two 
gas-carbon  plates  is  immersed  in  a  mixture  of 
dilute  sulphuric  acid  and  potassium  dichro- 
mate,  this  salt  acting  as  a  depolariser  by 
oxidising  the  hydrogen  evolved  at  the  surface 
of  the  zinc  plate.  This  solution,  however,  acts 
upon  the  zinc,  even  when  the  poles  are  dis- 
connected, and  to  prevent  this,  the  zinc  plate 
is  fi.xed  to  a  rod  by  which  it  can  be  drawn  up 
out  of  the  liquid  when  the  battery  is  not  in 
use. 

In  Leclanchfi's  hatteiij,  the  exciting  liquid  is 
a  solution  of  sal-ammoniac,  NH,,C1.  The  zinc 
dissolves  in  it,  with  formation  of  zinc-am- 
monium chloride,  Zn(NH3Cl)^,  and  evolution 
of  hydrogen  ;  and  to  prevent  polarisation,  the 
carljon  plate  is  placed  in  a  porous  cell  filled 

with  fragments  of  carbon  and  powdered  manganese  dioxide,  which 
slowly  oxidises  the  hydrogen. 


Fis.  111. 
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Silver  CJiloride  Battery. — Warren  cle  la  Rue  introduced  a  perfectly 
constant  battery,  in  which  zinc  and  silver  are  the  two  metals,  and 
the  electrolyte  is  formed  of  solid  silver  chloride.  The  zinc  is  im- 
mersed in  a  solution  of  sodium  chloride  or  zinc  chloride,  and  the 
silver,  in  the  form  of  wire,  is  imbedded  in  a  stick  of  fused  silver 
chloride.  As  tlie  zinc  dissolves,  silver  is  continually  deposited  on 
the  wire,  just  as  copper  is  deposited  in  the  Daniell  cells.  The 
electromotive  force  of  this  battery  is  about  equal  to  that  of  Daniell's. 
A  battery  of  11,000  of  these  cells  gives  a  spark  not  quite  a  quarter 
of  an  inch  long. 

Secondary  Batteries — Storage  of  Electric  Energy. — In  Grove's  gas- 
battery,  one  form  of  which  is  shown  in  fig.  112,  the 
platinum  plates  used  for  decomposing  dilute  sul- 
phuric acid  become  charged  with  hydrogen  and 
oxygen,  liberated  from  the  acid,  the  jjlate  immersed 
in  the  hydrogen  then  acting  like  the  zinc  of  an 
ordinary  voltaic  battery,  and  producing  a  current 
in  a  direction  the  reverse  of  that  produced  by  the 
battery.  In  this  way  the  power  generated  by  a 
battery  or  other  source  of  electricity  may  be  stored 
up  for  use  when  required. 

A  more  abundant  storage  of  electric  jjower  may 
however  be  obtained  by  the  electrolysis  of  a  lead 
salt,  whereby  metallic  lead  is  deposited  on  the 

11^  II  cathode  and  dioxide  of  lead,  PbO.,,  on  the  anode  ; 
O  I  ''iiicl  when  the  plates  thus  coated  are  immersed  in 
dilute  sulphuric  acid,  the  metallic  lead  becomes 
oxidised  and  the  dioxide  reduced,  and  a  current  is 
tliereby  developed,  the  positive  electricity  proceed- 
ing from  the  former  to  the  latter,  i.e.,  in  a  direction 
opposite  to  that  of  the  original  current.  If  the 
plates  are  left  unconnected,  they  may  remain  in  the 
acid  liquid  for  days  without  undergoing  any  change, 
or  showing  any  signs  of  electric  charge  ;  but  on  connecting  theni  by 
a  wire,  a  current  is  immediately  produced  in  the  direction  just  indi- 
cated. Such  is  the  principle  of  the  secondary  battery,  invented  by 
Plante,  the  plates  of  which  consist  of  two  pieces  of  sheet  lead,  rolled 
up  together  in  cylindrical  form,  but  not  in  metallic  contact  with  each 
other.  Its  power  may  be  greatly  increased,  as  recommended  by 
Faure,  by  covering  the  lead  plates  with  a  coating  of  red  lead,  an 
oxide  intermediate  between  PbO  and  PbO^.  On  passing  a  current 
through  the  cell,  the  red  lead  is  peroxidised  at  the  positive,  and 
reduced  at  the  negative  electrode,  first  to  a  lower  oxide,  then  to 
metallic  lead.  In  this  way  a  greater  thickness  of  the  working  sub- 
stance is  obtained,  and  the  time  of  charging  is  much  shortened. 

By  means  of  these  storage-batleries  the  power  of  an  electric  current 
generated  in  any  way,  by  a  dynamo-machine,  for  example,  may  be 
stored  up  and  transported  to  any  place  at  which  it  is  required  for 
use,  as  for  working  a  railway,  driving  machinery,  electro-plating, 
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electric  lighting,  &c.  Faure's  batteries  are  made  with  Hat  plates, 
arranged  in  a  rectangular  trough. 

Electro-deposition  of  Metals. — Experiment. — A  trough  or  cell 
divided  by  a  porous  diaphragm  into  two  parts  containing  dilute  sul- 
phuric acid  on  one  side,  and  a  saturated  solution  of  copper  sulphate 
on  the  other.  A  plate  of  zinc  is  soldered  to  a  wire  or  strip  of  copper, 
the  other  end  of  which  is  secured  by  similar  means  to  an  engraved 
copper  plate  or  other  work  which  it  is  desired  to  copy.  If  a  plaster 
cast  is  used  it  must  be  carefully  coated  with  graphite  or  bronze  powder 
to  give  it  a  conducting  surface.  The  plate  is  then  immersed  in  the 
solution  of  copper  and  the  zinc  in  the  acid.  To  prevent  deposition 
of  copper  on  the  back  of  the  copper  plate,  that  portion  is  covered  with 
varnish.  For  small  works,  a  porous  earthenware  cell,  placed  in  a 
glass  jar,  may  be  used. 

Other  metals  may  be  precipitated  in  the  same  manner,  in  a  smooth 
and  compact  form,  by  the  use  of  certain  precautious  which  have  been 
gathered  by  experience.  In  most  operations  upon  a  large  scale  the 
required  current  is  now  obtained  most  frequently  by  the  use  of  some 
form  of  magneto-electric  or  dynamo-electric  machine,  driven  by  steam- 
power. 

Experiment, — The  production  of  the  lead-tree  (fig.  113)  is  dependent 
on  electro-chemical  action.  When  a  piece  of 
zinc  is  suspended  in  a  solution  of  lead  acetate 
the  first  effect  is  the  decomposition  of  a  portion 
of  the  latter,  and  the  deposition  of  metallic 
lead  upon  the  surface  of  the  zinc  ;  it  is  simply 
a  displacement  of  a  metal  by  a  more  oxidisable 
one.  The  change  does  not,  however,  stop  here  ; 
metallic  lead  is  still  deposited  in  large  and 
beautiful  plates  upon  that  first  thrown  down, 
imtil  the  solution  becomes  exhausted,  or  the 
zinc  entirely  disappears.  The  first  portions  of 
lead  form  with  the  zinc  a  voltaic  arrangement 
by  which  the  metal  is  precipitated  upon  the 
negative  portion — that  is,  the  lead — while  the 
acid  radicle  is  taken  up  by  the  zinc. 

Crystallised  metals,  oxides,  and  other  insolu- 
ble substances  may  be  produced  by  the  slow 
and  continuous  action  of  feeble  electrical  cur- 
rents, kept  up  for  months,  or  years.  These 
products  exactly  resemble  natural  minerals  :  and  their  formation 
throws  great  light  on  the  origin  of  the  latter  within  the  earth. 
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CHEMISTRY  OF  THE  METALS. 

The  metals  constitute  the  second  and  larger  group  of  elementary 
bodies.  Many  of  them  are  of  rare  occurrence,  heing  found  only  in 
a  few  scarce  minerals ;  others  are  more  abundant,  and  some  few  ai'e 
almost  universally  diffused  throughout  the  globe.  Thus  the  larger 
portion  of  the  solid  earth  is  made  up  of  aluminium  and  iron  in  the 
form  of  oxides  and  silicates,  and  calcium  and  magnesiimi  in  the 
form  of  carbonates.  Potassium  is  tolerably  abundant  as  a  con- 
stituent of  certain  crystalline  silicates.  Sodium  occurs  in  sea-water 
in  salt  deposits,  and  in  smaller  quantity  in  the  soil  as  common  salt. 
But  the  greater  number  of  the  other  metals,  with  most  of  which  we 
are  familiar,  siich  as  lead,  co^oper,  zinc,  tin,  silver,  gold,  platinum, 
are  found  only  locall}^  and  in  comparatively  small  quantities. 

The  number  of  metals  at  present  known  is  between  fifty  and 
sixty. 

Physical  Properties. — One  of  the  most  remarkable  and  striking 
characters  possessed  by  the  metals  is  their  peculiar  lustre ;  this  is  so 
characteristic,  that  the  expression  metallic  lustre  has  passed  into 
common  speech.  This  property  is  no  doubt  connected  with  the 
great  degree  of  opacity  which  all  the  metals  present,  the  thinnest 
leaves  or  plates  of  these  bodies,  and  the  edges  of  crystalline  lamina?, 
completely  arresting  the  passage  of  light.  An  exception  to  this  rule 
is  exhibited  by  gold-leaf,  which,  when  held  up  to  day-light,  exhibits 
a  greenish  colour,  ard  silver-leaf,  which,  when  thin  enough,  shows  a 
bluish  transparency. 

In  point  of  colour,  the  metals  present  a  certain  degi'ee  of  uni- 
formity: with  two  exceptions — viz.,  copper  and  gold,  which  are 
yellowish-red — all  these  bodies  are  included  between  the  pure  white 
of  silver  and  the  bluish-grej''  tint  of  lead  :  bismuth,  it  is  true,  lias  a 
pinkish  colour,  and  calcium  and  strontium  a  yellowish  tint,  but 
these  tints  are  very  feeble. 

The  differences  of  density  are  very  wide,  passing  from  lithium, 
potassium,  and  sodium,  which  are  lighter  than  water,  to  platinum, 
which  is  more  than  twenty-one  times  heavier  than  an  equal  bulk  of 
that  liquid.    (See  table.) 

The  density  of  jnalleable  metals  is  usually  very  sensibly  increased 
by  pressure  or  blows,  and  the  metals  themselves  are  rendered  much 
harder,  with  a  tendency  to  britlleness.  This  condition  is  destroyed, 
and  the  former  soft  state  restored  by  the  operation  of  anncalimj, 
which  consists  in  lieating  the  metal  to  redness  out  of  contact  with 
air  (if  it  will  bear  that  temperature  without  fusion),  and  cooling  it, 
quickly  or  slowly  according  to  the  circumstances  of  the  case.  After 
this  operation,  it  is  found  to  possess  its.origiual  density. 
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The  property  of  malleability,  or  power  of  extension  under  the 
hammer,  or  between  the  rollers  of  the  flatting-mill,  is  possessed  by 


Osmium,  . 
Iridium, 
Platinum,  . 
Gold, 

Uraniiim,  . 
Tungsteu,  . 
Mercury, 
Rhodium,  . 
Thallium,  . 
Palladium,  . 
Lead, 
Silver, 
Bismuth,  . 
Copper, 
Nickel, 


Density. 


22-48 
22-40 
21-50 
19-265 
18-40 
18-30 
13-60 
12-1 
11-8 
11-4 
11-37 
10-47 
9-82 
8-95 
8-82 


Cadmium,  . 
Molybdenum, 
Cobalt, 
Manganese, 
Iron,  . 
Tin,  . 
Zinc,  , 
Antimony,  . 
Aluminium, 
Magnesium, 
Calcium, 
Rubidium, 
Sodium, 
Potassium, 
Lithium, 


Density. 


8-66 

8-63 

8-51 

8-02 

7-79 

7-29 

6-915 

6-72 

2 '67 

1-74 

1-58 

1-52 

0-97 

0-865 

0-59 


eaf  is  a  remark- 
e  metal  may  be 


Fig.  114. 


certain  of  the  metals  to  a  very  great  extent.  Gold 
able  example  of  the  tenuity  to  which  a  malleab 
brought  by  suitable  means.  The  gilding  on  silver  wire  used  in  the 
manufacture  of  gold  lace  is  even  thinner,  and  yet  presents  an  un- 
broken surface.  Silver  may  be  beaten  out  very  thin, — copper  also, 
but  to  an  inferior  extent ;  tin  and  platinum  are  easily  rolled  out 
into  foil ;  iron,  palladium,  lead,  nickel, 
cadmium,  and  metals  of  the  alkalis, 
and  mercury  when  solidified,  are  also 
malleable.  Zinc  may  be  placed  mid- 
way between  the  malleable  and  brittle 
division  ;  then  perhaps  bismuth  ;  and, 
lastly,  such  metals  as  antimony,  which 
are  altogether  destitute  of  malleability. 

Ductility  is  a  property  distinct  from 
the  last,  inasmuch  as  it  involves  the 
property  of  tenacity,  or  power  of  re- 
sisting tension.  The  art  of  wire- 
drawing is  one  of  great  antiquity ;  it 
consists  in  drawing  rods  of  metal 
through  a  succession  of  conical  holes 
in  a  steel  plate  (fig.  114),  each  being 
a  little  smaller  than  its  predecessor, 
until  the  requisite  degree  of  fineness 

is  attained.  The  metal  often  becomes  very  hard  and  rigid  in  this 
process,  and  is  then  liable  to  break  :  this  is  remedied  by  annealing. 
The  order  of  tenacity  among  the  metals  susceptible  of  being  easily 
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drawn  into  wire  is  the  following :  it  is  determined  by  observing  the 
weights  required  to  break  asunder  wires  drawn  through  the  same 
orifice  of  the  plate  : — 


Iron, 

Copper. 

Platinum. 


Silver. 

Gold. 

Zinc. 


Tin. 
Lead. 


Metal  differs  as  much  in  fusibility  as  in  density.  The  following 
table  will  give  an  idea  of  their  relations  to  temperature  : — 


Fasible  below 
a  red  heat. 


Infusible  below 
a  red  heat. 


Mercury,  , 
Gallium, 
Eubidium, 
Potassium, 
Sodium, 
Lithium,  . 
Tin,  . 
Bismuth,  . 
Thallium,  . 
Cadmium,  . 
Lead,  . 
Zinc,  . 
^  Antimony, 

f  Silver, 
Gold, 
Copper, 
Cast  iron,  . 
Pure  iron. 
Nickel, 
Cobalt, 
Manganese, 
Palladium, 
Molybdenum, 
Uranium, 
Tungsten, 
Chromium, 
Titanium, 
Cerium, 
Osmium, 
Iridium, 
Ehodium, 
Platinum, 
Tantalum, 


Melting  points. 
-  39-44° 
+  30 
+  38-5 

62-5 

95-6 

180 

235 

270 

294 

320 

327 

433 

425 

954 
1037 
1054 
1 


)■  Highest  temperature  of  forge. 


Agglomerate,  but  do  not  melt 
in  the  forge. 


Infusible  in  ordinary  blast- 
y    furnaces ;  fusible  by  oxy- 
hydrogen  blow-pipe. 


Some  metals  acquire  a  pasty  or  adhesive  state  before  becoming 
fluid  ;  this  is  the  case  with  iron  and  platinum,  and  with  the  metals 
of  the  alkalis.  It  is  this  peculiarity  which  confei's  the  very  valu- 
able property  of  welding,  by  which  pieces  of  iron  and  steel  are 
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united  without  solder,  and  the  finely-divided  metallic  sponge  of 
platinum  is  converted  into  a  solid  and  compact  bar. 

Some  metals  are  volatile,  and  this  character  would  perhaps  be 
exhibited  by  all,  could  sufficiently  high  temperatures  be  obtained. 
Mercury  boils  and  distils  below  a  red  heat ;  potassium,  sodium,  zinc, 
magnesium,  and  calcium  rise  in  vapour  when  heated  to  bright 
redness. 

It  has  already  been  stated  that  metals  generally  are  the  best 
conductors  of  heat  and  electricity.  In  regard  to  their  electric  con- 
ductivity it  has  been  found,  as  the  result  of  recent  experiments  by 
Professor  Fleming,  that  at  low  temperatures  the  conductivity  of  all 
pure  metals  is  very  much  increased,  or,  in  other  words,  their  specific 
resistance  is  diminished.  When  the  experimental  results  are  plotted 
out,  and  curves  drawn  connecting  the  results  of  successive  observa- 
tions, the  direction  of  these  curves  is  such  that  if  the  absolute  zero 
of  temperature  could  be  reached,  they  would  all  meet.  This  con- 
vergence indicates  that  at  the  absolute  zero  the  electrical  resistance  of  all 
pure  metals  would  vanish.  The  resistance  of  a  bad  conductor — like 
lead,  for  example — is,  therefore,  diminished  much  more  by  cooling 
through  a  given  range  of  temperature,  than  is  the  resistance  of  a  good 
conductor  like  gold,  silver,  or  coj^per.  In  some  cases  the  order  of 
conductivity  is  changed  by  cooling.  At  13°  pure  silver  is  the  best 
conductor,  but  at  -  200°  pure  copper  is  better  than  silver. 

The  resistance  of  metallic  alloys  is  reduced  by  cooling,  but  not  at 
the  same  rate  as  the  pure  metals,  and  there  is  no  sign  of  convergence 
of  the  curves  representing  their  specific  resistances.  The  determina- 
tion of  the  resistance  of  a  metal  at  the  temperature  of  liquid  air 
aff'ords  a  delicate  means  of  detecting  impurities. 
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CHEMICAL  RELATIONS  OF  THE  METALS. 

Metallic  combinations  are  of  two  kinds — namely,  those  formed 
by  the  union  of  metals  among  themselves,  which  are  called  alloys, 
or,  where  mercury  is  concerned,  amalgams,  and  those  generated  by 
combination  with  the  non-metallic  elements,  as  oxides,  chlorides, 
sulphides,  etc.  In  this  latter  case,  the  metallic  characters  are  invari- 
ably lost. 

Alloys. — Most  metals  are  probably,  to  some  extent,  capable  of 
existing  in  a  state  of  combination  with  each  other  in  definite  pro- 
portions ;  but  it  is  difficult  to  obtain  these  compounds  in  the  separate 
state,  since  they  dissolve  in  all  projiortions  in  the  melted  metals, 
and  do  not  generally  differ  so  widely  in  their  melting  points  from 
the  metals  they  may  be  mixed  with,  as  to  be  separated  by  crystal- 
lisation in  a  definite  form.  Exceptions  to  this  rule  are  met  with 
in  the  cooling  of  argentiferous  lead,  and  in  the  crystallisation  of  brass 
and  of  gun-metal. 

The  affinity  manifested  between  different  metals  is  for  the  most 
part  very  feeble,  and  in  all  cases  of  combination  between  metals,  the 
alteration  of  physical  characters,  which  is  one  distinctive  feature  of 
chemical  combination,  does  not  take  place  to  any  great  extent.  The 
most  unqitestionable  compounds  of  metals  with  metals  are  still 
metallic  in  their  general  physical  characters,  and  there  is  no  such 
transmutation  of  the  individuality  of  their  constituents  as  takes  place 
in  the^  combination  of  a  metal  with  oxygen,  sulphur,  chlorine,  etc. 
The  alteration  of  characters  in  alloys  is  generally  limited  to  the 
colour,  degree  of  hardness,  tenacity,  or  electric  conductiAnty,  and  it  is 
only  when  the  constituent  metals  are  capable  of  assuming  opposite 
chemical  relations  that  these  compounds  are  distinguished  by  great 
brittleness.  Chemical  action  is  indicated  in  some  cases,  when  two 
metals  are  melted  together  by  such  phenomena  as  the  evolution  of 
heat,  as  in  the  case  of  platinum  and  tin,  copper  and  zinc,  etc. 

The  density  of  alloys  differs  from  that  of  mere  mixtures  of  the 
metals.  In  the  solidification  of  alloys,  the  temperature  does  not 
always  fall  uniformly,  but  often  remains  stationary  at  particular 
degrees,  which  may  be  regarded  as  the  solidifying  points  of  the 
compounds  then  crystallising.  Tin  and  lead  melted  together  in  the 
proportion  of  about  2  parts  of  tin  to  1  part  of  lead  form  a  compound 
which  solidifies  at  180°.  The  melting  point  of  an  alloy  is  often  very 
different  from  the  point  of  solidification,  and  it  is  generally  lower 
than  the  mean  melting  point  of  the  constituent  metals. 

The  chemical  action  of  reagents  upon  alloys  is  sometimes  very 
different  from  their  action  upon  metals  in  the  separate  state  :  thus, 
platinum  alloyed  with  silver  is  readily  dissolved  oy  nitric  acid,  but 
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is  not  affected  by  that  acid  when  unalloyed.  Ou  the  contrary, 
silver,  which  in  the  separate  state  is  readily  dissolved  by  nitric  acid, 
is  not  dissolved  by  it  when  alloyed  with  gold  in  proportions  much 
more  than  one-fourth  of  the  alloy  by  weight. 

Compounds  of  Metals  with  Non-Metals— Classification 

of  Metals. 

A  classification  of  the  metals  and  metalloids  according  to  their 
valency  is  given  in  the  table  on  page  268.  There  are,  however, 
several  metals,  especially  among  those  of  rare  occurrence,  whose 
position  in  the  series  is  by  no  means  definitely  fixed ;  and  partly  on 
this  account,  partly  because  metals  of  equal  valency  or  combining 
capacity  do  not,  as  a  rule,  resemble  one  another  in  their  physical  and 
chemical  characters  so  closely  as  non-metallic  elements  of  equal  com- 
bining capacity  {e.(j.,  CI,  Br,  I,  and  S,  Se,  Te,  etc.),  it  is  preferable,  in 
describing  the  metals  and  semi-metals  or  metalloids,  to  classify  them 
according  to  their  general  agreement  in  physical  and  chemical  pro- 
perties rather  than  in  strict  accordance  with  their  valency. 

The  following  arrangement  based  upon  this  principle  does  not, 
however,  deviate  greatly  from  the  order  of  valency  : — 

1.  Metals  of  the  Alkalis  : — 

Potassium — Sodium — Lithium — Eubidium — Cassium. 

2.  Metals  of  the  Alkaline  Earths  : — 

Calcium — Strontium — Barium. 

3.  Magnesium  Group  : — 

Beryllium — Magnesium — Zinc — Cadmium. 

4.  Mercury  : — 

5.  Lead  C4roup  : — 

Thallium — Lead. 

6.  Copper  Group  : — 

Copper — Silver. 

7.  Yttrium  Group  : — 

Scandium — Yttrium  —  Erbium — Terbium — Ytterbium — 
Lanthanum — Cerium — Didymium. 

8.  Aluminium  Group  : — 

Aluminium— Gallium— Indium. 

9.  Iron  Group  :— 

Manganese— Iron— Cobalt— Nickel. 
10.  Chromium  Group  : — 

Chromium — Molybdenum— Tungsten — Uranium. 

VOL.  I.  xj 
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11.  Tin  Group  :— 

Germanium — Tin — Titanium — Zirconium — Thorium. 

12.  Antimony  Group  : — 

Antimony — Bismutli — Vanadium — Niobium — Tantalum, 

13.  Platinum  Group  : — 

Gold — Platinum  —  Iridium — Osmium — Palladium — Rho- 
dium— Ruthenium. 

The  degrees  of  combining  capacity  of  the  metals  in  these  several 
groups  are  for  the  most  part  less  easy  to  determine  than  those  of  the 
non-metallic  elements.  All  the  latter  unite  with  hydrogen,  forming 
volatile  compounds,  the  vapour-densities  of  which  are  easily  deter- 
mined, and  afford  trustworthy  data  for  fixing  the  molecular  weight 
and  constitution  of  these  compounds.  Hydrogen  silicide,  for  example, 
has  a  vapour-density  of  16  :  consequently  its  molecular  weight  is 
32,  and,  as  analysis  shows  the  compound  to  contain  7  parts  by 
weight  of  silicon  to  1  part  of  hydrogen,  its  molecule  must  contain 
28  parts  Si  and  4H,  and  its  molecular  formula  must  be  SiH^,  show- 
ing that  silicon  is  a  tetrad.  But  with  the  metals  this  mode  of  pro- 
ceeding is  not  available  :  for  only  one  of  them,  viz.,  antimony,  forms 
a  volatile  compound  with  hydrogen  ;  and  if  we  endeavour  to  fix  the 
valence  of  a  metal  by  its  mode  of  combination  with  chlorine  or  other 
lurivalent  element,  we  find  that  the  results  are  not  always  accord- 
ant. Thus  molybdenum  and  tungsten  form  pentachlorides,  whence 
it  might  be  inferred  that  they  are  jDentads  :  but  tungsten  also  forms 
a  hexchloride,  and  both  these  metals,  in  their  oxygen-compounds, 
exhibit  so  marked  an  analogy  to  sulphur,  that  they  must  be  regarded 
as  hexads. 

Moreover,  we  have  in  many  cases  no  means  of  ensuring  that  the 
formulas  assigned  to  these  several  chlorides  actually  represent  the 
molecules  :  for  the  only  trustworthy  method  of  determining  the 
weight  of  a  molecule  of  a  salt  is  by  means  of  its  vapour-density,  and 
in  the  case  of  a  great  number  of  metallic  chlorides  (also  bromides 
and  iodides),  this  determination  cannot  be  satisfactorily  made,  on 
account  of  the  very  high  temperatures  required  to  volatilise  them. 

In  many  cases  indeed  it  seems  probable  that  the  molecular  con- 
stitution of  metallic  chlorides,  bromides,  &c.,  should  be  represented, 
not  by  formulie  containing  single  atoms  of  the  respective  metals  like 
those  above  given,  but  by  multii)les  thereof, — potassium  chloride, 
for  example,  by  the  double  formula  Clo,  into  which  either  the 
metal  or  tlie  halogen  enters  as  a  diad  or  triad,  according  to  the  manner 
in  which  we  may  imagine  their  atoms  to  be  linked  together. 

CI— K— K— 01  Cl-K  K— 01-01— K 

I     I  or     II     II      or  II  ,&c. 

01-K— K— 01  01— K  K— 01— 01— K 

For  since  potassium  and  chlorine  are  easily  volatile  bodies,  the 
chloride,  if  correctly  represented  by  the  simple  formula  KOI,  might 
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be  expected  to  volatilise  at  a  comparatively  low  temperature,  lower, 
for  example,  than  the  temperatures  required  to  volatilise  the  more 
complex  molecules  HgCla  and  SbClg,  whereas  it  actually  requires 
a  strong  red  heat  to  convert  it  into  vapour  ;  and  similar  remarks 
might  be  made  with  regard  to  many  other  haloid  salts  of  the  metals. 
In  stating,  therefore,  that  potassium  chloride  is  represented  by  the 
formula  KCl,  and  calcium  chloride  by  CaClj,  all  that  we  mean  to 
say  is  that  for  every  atom  of  metal  in  these  compounds,  the  first  con- 
tains one  atom  of  chlorine,  and  the  second  two  atoms  ;  and  in  this 
sense  —  whatever  may  be  the  number  of  atoms  contained  in  the 
molecule — potassium  is  certainly  univalent,  or  equivalent  to  one 
atom  of  hydrogen,  and  calcium  bivalent,  or  equivalent  to  two  atoms 
of  hydrogen. 

The  metals  of  the  alkalis  and  alkaline  earths,  on  account  of  their 
inferior  density,  are  often  called  light  metals ;  the  others,  heavy 
metals. 


Metallic  Chlorides. — All  metals  combine  with  chlorine,  and 
most  of  tbem  in  several  proportions,  as  above  indicated,  forming 
compounds  which  may  be  regarded  as  derived  from  one  or  more 
molecules  of  hydrogen  chloride,  by  substitution  of  a  metal  for  an 
equivalent  quantity  of  hydrogen  ;  thus  : — 

From  HCl  are  derived  monochlorides  like  KCl 
„    H2CI2       „         dichlorides       „  BaClg 
„    H3CI3      ,,        trichlorides      „  AuClg 
„    H^Cl^      „        tetrachlorides  „     SnCl4,  &c.,  &c. 

Hydrochloric  acid  may,  in  fact,  be  regarded  as  the  type  of  chlorides 
in  general. 

Several  chlorides  occur  as  natural  products.  Sodium  chloride, 
or  common  salt,  occurs  in  enormous  quantities,  both  in  the  solid 
state  as  rock-salt,  and  dissolved  in  sea-water,  and  in  the  water  of 
rivers  and  springs.  Potassium  chloride  occurs  in  the  same  forms, 
but  in  smaller  quantity  ;  the  chlorides  of  lithium,  cjesium,  rubidium, 
and  thallium  also  occur  in  small  quantities  in  certain  spring  waters. 
Mercurous  chloride,  HggClg  and  silver  chloride,  AgCl,  occur  aa 
natural  minerals. 

1.  Chlorides  are  generally  prepared  by  one  or  other  of  the  follow- 
ing processes  :  (1)  By  acting  upon  the  metal  with  chlorine  gas. 
Antimony  pentachloride  and  copper  dichloride,  are  examples  of 
chlorides  sometimes  produced  in  this  manner.  The  chlorides  of 
gold  and  platinum  are  usually  prepared  by  acting  upon  the  metals 
with  nascent  chlorine,  developed  by  a  mixture  of  hydrochloric  and 
nitric  acids.  Sometimes,  on  the  other  hand,  the  metal  is  in  the 
nascent  state,  as  when  titanic  chloride  is  formed  by  a  passing  current 
of  chlorine  over  a  heated  mixture  of  charcoal  and  titanic  oxide. 
The  chlorides  of  aluminium  and  chromium  may  be  obtained  by 
similar  processes. 
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2.  Chlorine  gas,  by  its  action  upon  metallic  oxides,  drives  out  the 
oxygen,  and  unites  with  the  respective  metals  to  form  chlorides. 
This  reaction  sometimes  takes  place  at  ordinary  temperatures,  as  is 
the  case  with  silver  oxide ;  sometimes  only  at  a  red  heat,  as  is  the 
case  with  the  oxides  of  the  alkali-metals  and  alkaline  earth-metals. 
The  hydroxides  and  carbonates  of  these  last  metals,  when  dissolved 
or  suspended  in  hot  water  and  treated  with  excess  of  chlorine,  are 
converted,  chiefly  into  chlorides,  partly  into  chlorates. 

3.  Many  metallic  chlorides  are  prepared  by  acting  upon  the 
metals  with  hydrochloric  acid.  Zinc,  cadmium,  iron,  nickel,  cobalt, 
and  tin  dissolve  readily  in  hydrochloric  acid,  with  liberation  of 
hydrogen  ;  copper  only  in  the  strong  boiling  acid  ;  silver,  mercury, 
palladium,  platinum,  and  gold,  not  at  all.  Sometimes  the  metal  is 
substituted,  not  for  hydrogen,  but  for  some  other  metal.  Stannous 
chloride,  for  instance,  may  be  made  by  distilling  metallic  tin  with 
mercuric  chloride  ;  thus:  HgCl2-|-Sn  =  SnCl2-FHg. 

4.  By  dissolving  a  metallic  oxide,  hydroxide,  or  carbonate  in 
hydrochloric  acid. 

All  monochlorides  and  dichlorides  are  soluble  in  water  excepting 
silver  chloride,  AgCl,  and  mercurous  chloride,  HgoCL  ;  lead  chloride, 
PbClj,  is  sparingly  soluble  ;  these  three  chlorides  are  easily  formed 
by  precipitation.  Many  metallic  chlorides  dissolve  also  in  alcohol 
and  in  ether. 

Most  monochlorides,  dichlorides,  and  trichlorides  volatilise  at  , 
high  temperatures  without  decomposition  ;  the  higher  chlorides  when 
heated  give  off  part  of  their  chlorine.  Some  chlorides  which  resist 
the  action  of  heat  alone  are  decomposed  by  ignition  in  the  air, 
yielding  metallic  oxides  and  free  chlorine ;  this  is  the  case  with 
the  dichlorides  of  iron  and  manganese  ;  but  most  dichlorides  remain 
undecomposed,  even  in  this  case.  All  metallic  chlorides,  excepting 
those  of  the  alkali-metals  and  earth -metals,  are  decomposed  at  a  red 
heat  by  hydrogen  gas,  with  formation  of  hydrogen  chloride  :  in  this 
way  metallic  iron  may  be  obtained  in  fine  cubical  crystals.  Silver 
chloride,  placed  in  contact  with  metallic  zinc  or  iron,  under  dilute 
sulphuric  or  hydrochloric  acid,  is  reduced  to  the  metallic  state  by 
the  nascent  hydrogen. 

Sulphuric,  phosphoric,  boric,  and  arsenic  acids  decompose  most 
metallic  chlorides,  sometimes  at  ordinary,  sometimes  at  higher 
temperatures.  Nearly  all  metallic  chlorides,  heated  with  lead  dioxide 
or  manganese  dioxide  and  sulphuric  acid,  give  off  chlorine,  e.g.  : 

2NaCl  +  MnO, + 2H2SO4  =  Na^SO^  -I-  MuSO^  +  2H2O  + 

Chlorides  distilled  with  sulphuric  acid  and  potassium  chromate, 
yield  a  dark  red  liipud  distillate  of  chromic  oxychloride.  Some 
metallic  chlorides  are  decomposed  by  water,  forming  hydrochloric 
acid  and  an  oxychloride,  e.;/.  :  BiCl,T-l-HpO  =  2HCl-f-BiC10.  The 
chlorides  of  antimony  and  stannous  chloride  are  decomijosed  in  a 
similar  manner. 

All  soluble  chlorides  give  with  solution  of  silver  nitrate  a  white 
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precipitate  of  silver  chloride,  easily  soluble  in  ammonia,  insoluble 
in  nitric  acid.  With  merairous  nitrate,  they  yield  a  white  curdy 
precipitate  of  mercurous  chloride,  blackened  by  ammonia  ;  and  with 
lead-salts,  not  too  dilute,  a  white  precipitate  of  lead  chloride,  soluble 
in  excess  of  water. 

Metallic  chlorides  unite  with  each  other  and  with  the  chlorides 
of  the  non-metallic  elements,  forming  such  compounds  as  potassium 
mercuro-chloride,  2K01.HgCl2,  sodium  platino-chloride,  2NaCl.PtCl4, 
potassium  iodo-perchloride,  KCl.ICl,,  etc.  Metallic  chlorides  com- 
bine in  definite  proportions  with  ammonia  and  organic  bases  :  the 
chlorides  of  platinum  form  with  ammonia  the  compounds  2NH3 
PtCla,  4NH3.PtCl2,  2NH3.PtCl4,  and  4NH3.PtCl^  ;  mercuric  chloride 
forms  with  aniline  the  compound  3C5H7N.HgCl2,  etc. 

Chlorides  also  unite  with  oxides  and  sulphides,  forming  oxycMorides 
and  thio-chlorides,  which  may  be  regarded  as  chlorides  having  part 
of  their  chlorine  replaced  by  an  equivalent  quantity  of  oxygen  or 
sulphur  (CI2  by  0  or  S).  Bismuth,  for  example,  forms  an  oxy- 
chloride  having  the  composition  BiClO  or  BiCl^jBijOj. 

Bromides. — Bromine  unites  directly  with  most  metals,  form- 
ing compounds  analogous  in  composition  to  the  chlorides,  and  re- 
sembling them  in  most  of  their  properties.  The  bromides  of  the 
alkali-metals  occur  in  sea-water  and  in  many  saline  springs  ;  silver 
bromide  occurs  as  a  natural  mineral.  Nearly  all  bromides  are 
soluble  in  water,  and  may  be  formed  by  treating  an  oxide,  hydroxide, 
or  carbonate  with  hydrobroniic  acid,  the  solutions  when  evaporated 
giving  off  water  for  the  most  part,  and  leaving  a  solid  metallic 
bromide  ;  some  of  them,  however,  namely,  the  bromides  of  mag- 
nesium, aluminium,  and  the  other  earth-metals,  are  more  or  less  de- 
composed by  evaporation,  giving  off  hydrobroniic  acid,  and  leaving 
a  mixture  of  metallic  bromide  and  oxide.  Silver  bromide  and  mer- 
curous bromide  are  insoluble  in  water,  and  lead  bromide  is  very 
sparingly  soluble  ;  these  are  obtained  by  precipitation. 

Metallic  bromides  are  solid  at  ordinary  temperatures ;  most  of 
them  fuse  at  a  moderate  heat,  and  volatilise  at  higher  temperatures. 
The  bromides  of  gold  and  platinum  are  decomposed  by  mere  ex- 
posure to  heat ;  many  others  give  up  their  bromine  when  heated  in 
contact  with  the  air.  Chlorine,  with  the  aid  of  heat,  drives  out  the 
bromine  and  converts  them  into  chlorides.  Hydrochloric  acid  also 
decomposes  them  at  a  red  heat,  giving  oft'  hydrobromic  acid.  Strong 
sulphuric  or  nitric  acid  decomposes  them,  with  evolution  of  hydro- 
bromic acid,  which,  if  the  sulphuric  or  nitric  acid  is  concentrated, 
and  in  excess,  is  partly  decomposed,  with  separation  of  bromine  and 
formation  of  sulphurous  oxide  or  nitric  oxide.  Bromides  heated 
with  sulphuric  acid  and  manganese  dioxide  or  potassium  chromate, 
give  off  free  bromine. 

Bromides  in  solution  are  easily  decomposed  by  chlorine,  either  in 
the  form  of  gas  or  dissolved  in  water,  the  liquid  acquiring  a  red  or 
reddish-yellow  colour,  according  to  the  cjuautity  of  bromine  present  j 


310 


IODIDES. 


and  on  agitating  the  liquid  with  ether,  that  liquid  dissolves  the 
bromine,  forming  a  red  solution,  which  rises  to  the  surface. 

Soluble  bromides  give  with  silver  nitrate  a  white  precipitate  of 
silver  bromide,  greatly  resembling  the  chloride,  but  much  less 
soluble  in  ammonia,  insoluble  in  hot  nitric  acid.  Mercurous  nitrate 
produces  a  yellowish-white  jjrecipitate  ;  and  lead  acetate  a  white 
precipitate  much  less  soluble  in  water  than  the  chloride. 

Bromides  xmite  with  each  other  in  the  same  manner  as  chlorides ; 
also  with  oxides,  sulphides,  and  ammonia. 

Iodides. — These  compounds  are  obtained  by  processes  similar  to 
those  which  yield  the  chlorides  and  bromides.  Many  metals  unite 
directly  with  iodine.  Potassium  and  sodium  iodides  exist  in  sea- water 
and  in  many  salt  springs  ;  silver  iodide  occurs  as  a  natural  mineral. 

Metallic  iodides  are  analogous  to  the  bromides  and  chlorides  in 
composition  and  properties.  But  few  of  them  are  decomposed  by 
heat  alone  ;  the  iodides  of  gold,  silver,  platinum,  and  palladium, 
however,  give  up  their  iodine  when  heated. 

Most  metallic  iodides  are  perfectly  soluble  in  water  j  but  lead 
iodide  is  very  slightly  soluble,  and  the  iodides  of  mercury  and  silver 
and  cuj^rous  iodide  are  quite  insoluble. 

Solutions  of  iodides  evaporated  out  of  contact  of  air,  generally  leave 
anhydrous  metallic  iodides,  which  partly  separate  in  the  crystalline 
form  before  the  water  is  wholly  driven  off.  The  iodides  of  the  earth- 
metals,  however,  are  resolved,  on  evaporation,  into  the  earthy  oxides 
and  hydriodic  acid,  which  escapes.  A  very  small  quantity  of  chlorine 
colours  the  solution  yellow  or  brown,  by  partial  decomposition  ;  and 
a  somewhat  larger  quantity  takes  up  the  whole  of  the  metal,  forming 
a  chloride,  and  separates  the  iodine,  which  then  gives  a  blue  colour 
with  starch  ;  a  still  larger  quantity  of  chlorine  gives  the  liquid  a 
paler  colour,  and  converts  the  separated  iodine  into  trichloride  of 
iodine,  which  does  not  give  a  blue  colour  with  starch,  and  frequently 
enters  into  combination  with  a  metallic  chloride  produced.  Strong 
sulphuric  acid  and  somewhat  concentrated  nitric  acid  colour  the 
solution  yellow  or  brown  ;  and  if  the  quantity  of  the  iodide  is  large, 
and  the  solution  much  concentrated  or  heated,  the  liberated  iodine 
partly  escapes  in  violet  vapours. 

The  aqueous  solution  of  an  iodide  gives  a  brown  precipitate  with 
salts  of  bismuth  ;  golden-yellow  with  lead,  salts  ;  dirty-white  with 
cuprous  salts,  also  with  ciqmc  salts,  at  the  same  time  liberating 
iodine  ;  greenish-yellow  with  mercurous  salts  ;  scarlet  with  mercuric 
salts  ;  pale  yellow  with  silver  salts  ;  brown  with  platinic  salts — first, 
however,  turning  the  liquid  dark  brown-red  ;  and  black  with  salts 
of  2'ciUadinvi,  even  when  extremely  dilute.  All  these  precipitates 
consist  of  metallic  iodides  :  the  silver  precipitate  is  insoluble  in 
nitric  acid  and  very  little  soluble  in  ammonia. 

Metallic  iodides  unite  with  one  another,  forming  double  iodides, 
corresponding  to  the  double  chlorides  ;  they  also  absorb  ammonia 
gas  in  definite  proportions. 
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Fluoride  s. — These  compounds  are  formed — (1)  By  heating  hy- 
drofluoric acid  with  certain  metals.  (2)  By  the  action  of  that  acid  on 
metallic  oxides.  (3)  By  displacement  of  one  metal  by  another  as  in 
formation  of  fluoride  of  lead  or  fluoride  of  mercury.  (4)  Volatile 
metallic  fluorides  may  be  prepared  by  heating  fluor-spar  with  sul- 
phuric acid  and  the  oxide  of  the  metal. 

Fluorides  are  usually  fusible,  and  for  the  most  part  resemble  the 
chlorides.  They  are  not  decomposed  by  ignition,  either  alone  or 
when  mixed  with  charcoal.  When  ignited  in  contact  with  the  air, 
in  a  flame  which  contains  aqueous  vapour,  many  of  them  are  con- 
verted into  oxides,  while  the  fluorine  is  given  off  as  hydrofluoric 
acid.  They  are  decomposed  at  a  gentle  heat  by  strong  sulphuric 
acid,  with  formation  of  metallic  suljDhate  and  evolution  of  hydro- 
fluoric acid. 

The  fluorides  of  ammonium,  potassium,  sodium,  and  silver  are  easily 
soluble  in  water.  The  rest  are  for  the  most  part  insoluble.  The  solu- 
tions of  ammonium,  potassium,  and  sodium  fluorides  have  an  alkaline 
reaction.  The  aqueous  solutions  of  fluorides  corrode  glass  vessels 
in  which  they  are  kept  or  evaporated.  They  form  with  soluble 
calcium  salts  a  precipitate  of  calcium  fluoride,  in  the  form  of  a 
transparent  jelly,  which  is  scarcely  visible,  because  its  refractive 
power  is  nearly  the  same  as  that  of  the  liquid  ;  the  addition  of 
ammonia  makes  it  plainer.  This  precijjitate,  if  it  does  not  contain 
silica,  dissolves  with  some  difliculty  in  hydrochloric  or  nitric  acid, 
and  is  re- precipitated  by  ammonia.  The  aqueous  fluorides  give  a 
pulverulent  precipitate  with  lead  acetate. 

The  fluorides  of  antimony,  arsenic,  chromium,  mercury,  niobium, 
osmium,  tantalum,  tin,  titanium,  tungsten,  and  zinc  are  volatile 
without  decomposition. 

Fluorine  has  a  great  tendency  to  form  double  salts,  consisting  of 
a  fluoride  of  a  basic  or  positive  metal  united  with  the  fluoride  of 
hydrogen,  boron,  silicon,  tin,  titanium,  zirconium,  &c.,  e.g. : 

Potassium  hydrofluoride,  .  .  KHF2    =  KF,HF 

Potassium  borofluoride,  .  .  .  KBF4     =  KF,BF3 

Potassium  silicofluoride,  .  .  .  KoSiFp,  =  2KF,Si"F4 

Potassium  titanofluoride,  .  .  KjTiFn  =  SKF.TiF^ 

Potassium  stannofluoride,  .  .  K„SnF„  =  2KF,SnF4 

Potassium  zircufluoride,  .  .  .  K^^rFj  =  2KF,ZrF4 

Cyanides. — Closely  related  to  these  haloid  compounds  are  the 
cyanides,  formed  by  the  union  of  metals  with  the  group  ON,  cyan- 
ogen, CN. 

Some  metals — potassium  among  the  number — are  converted  into 
cyanides  by  heating  them  in  cyanogen  gas  or  vapour  of  hydrocyanic 
acid.  The  cyanides  of  the  alkali-metals  are  also  formed  (together 
with  cyanates)  by  passing  cyanogen  gas  over  the  heated  hydroxides 
or  carbonates  of  the  same  metals  ;  potassium  cyanide  also,  by  passing 
nitrogen  gas  over  a  mixture  of  charcoal  and  hydroxide  or  carbonate 
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of  potassium  at  a  bright  red  heat.  Cj'anides  are  formed  abundantly 
when  nitrogenous  organic  compounds  are  heated  with  fixed  alkalis. 

The  cyanides  of  the  alkali-metals,  and  of  barium,  strontium, 
calcium,  magnesium,  and  mercury,  are  soluble  iu  water,  and  may  be 
produced  by  treating  the  corresponding  oxides  or  hydroxides  with 
hydrocyanic  acid.  Nearly  all  other  metallic  cyanides  are  insoluble, 
and  are  obtained  by  precipitation  from  the  soluble  cyanides. 

The  cyanides  of  the  alkali-metals  sustain  a  red  heat  without  de- 
composition, provided  air  and  moisture  be  excluded.  The  cyanides 
of  many  of  the  heavy  metals,  as  lead,  iron,  cobalt,  nickel,  and  copper, 
at  a  red  heat,  give  off  all  their  nitrogen  as  gas,  and  leave  a  metallic 
carbide;  mercuric  and  silver  cyanides  are  resolved  into  the  metal, 
paracyanogen  and  cyanogen  gas.  Most  cyanides,  when  heated  with 
dilute  acids,  give  off  hydrocyanic  acid. 

Cyanides  have  a  strong  tendency  to  unite  with  one  another,  forming 
double  cyanides.  The  most  important  of  these  are  the  double 
cyanides  of  iron  and  potassium,  namely,  ])otassium  ferro-cijaiiide, 
4KCN.Fe(CN)2  or  rather  K^(FeCgNg),  commonly  called  yellow 
prussiate  of  jjotash  ;  and  potassiimi  ferri-cyanide,  3KCN.Fe(CN)3 
or  rather  K3(FeCgNg),  commonly  called  red  prussiate  of  potash. 
Both  these  are  splendidly  crystalline  salts,  which  dissolve  easily  in 
water,  and  formed  highly  characteristic  precipitates  with  many 
metallic  salts. 

Oxides. — All  metals  combine  with  oxygen,  and  most  of  them  in 
several  projjortions.  In  almost  all  cases  oxides  are  formed  corre- 
sponding in  composition  with  the  chlorides,  one  atom  of  oxygen 
taking  the  place  of  two  atoms  of  chlorine.  Many  metals  also  form 
oxides  to  which  no  chlorine  analogues  are  known  ;  thus  barium 
which  forms  only  one  chloride,  BaClg,  forms,  iu  addition  to  the 
monoxide,  BaO,  a  dioxide,  BaOg,  osmium  also,  the  highest  chloride 
of  which  is  OsCl^,  forms,  in  addition  to  the  dioxide,  a  trioxide  and 
a  tetroxide. 

Just  as  chlorides  may  be  supposed  to  be  derived  by  substitution 
from  hydrochloric  acid,  HCl,  so  likewise  may  oxides  be  dei-ived  from 
one  or  more  molecules  of  water,  HgO  ;  but  as  the  molecule  of  water 
contains  two  hydrogen-atoms  the  replacement  of  the  hydrogen  maj', 
as  already  explained,  be  either  total  or  partial,  the  j^roduct  in 
the  first  case  being  an  anhydrous  metallic  oxide,  and  in  the  second 
a  hydrated  oxide  or  hydroxide,  in  which  the  oxygen  is  associated 
both  with  hydrogen  and  with  metal ;  in  this  manner  the  following 
hydroxides  and  anhydrous  oxides  may  be  constituted  : — 


Oxides. 


K,0 
BaO 

ZvO, 


It  may  be  observed  that  the  hydroxides  of  bi-  or  quadrivalent 
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metals  contain  the  elements  of  a  molecule  of  the  corresponding  anhy- 
drous oxide,  and  of  one  or  more  molecules  of  water,  and  may  there- 
fore also  be  regarded  as  hydrates  ;  thus — 

Barium  hydroxide  or  hydrate,       .    BaH202  =  BaO,H20 
Stannic      „  „  .    SnH203  =  Sn02,H90 

Zirconium  „  „  .    ZrH404  =  Zr02,2H20 . 

But  the  hydroxide  of  a  perissad  metal  contains  in  its  molecule  only 
half  the  number  of  atoms  required  to  make  up  a  molecule  of  oxide 
together  with  a  molecule  of  water  ;  t\ms — 

Potassium  hydroxide,  .       .       .    KH0  =  i(K20,H,0) . 

Many  metallic  oxides  occur  as  natural  minerals,  and  some,  espe- 
cially those  of  iron,  tin,  and  copper,  in  large  quantities,  forming  ores 
from  which  the  metals  are  extracted. 

All  metals,  except  gold,  ijlatinum,  iridium,  and  rhodium,  are 
capable  of  imiting  directly  with  oxygen.  Some,  as  potassium, 
sodium,  and  barium,  oxidise  rapidly  on  exposure  to  t!ie  air  at 
ordinary  temperatures,  and  decompose  water  with  energy.  Most 
metals,  however,  when  in  the  massive  state,  remain  perfectly  bright 
and  unacted  on  in  dry  air  or  oxygen  gas,  but  oxidise  slowly  when 
moisture  is  present ;  such  is  the  case  with  iron,  zinc,  and  lead.  Some 
of  the  ordinarily  permanent  metals,  when  in  a  very  finely  divided 
state,  as  lead  when  obtained  by  ignition  of  its  tai'trate,  and  iron 
reduced  from  its  oxide  by  ignition  in  hydrogen  gas,  oxidise  spon- 
taneously and  take  fire  as  soon  as  they  come  in  contact  with  the 
air.  Lead,  iron,  copper,  and  the  volatile  metals,  antimony,  zinc, 
cadmium,  and  mercury,  are  converted  into  oxide  when  heated  in  air 
or  oxygen.  Many  metals,  especially  at  a  red  heat,  are  readily  oxidised 
by  water  or  steam.  A  very  general  method  of  preparing  metallic 
oxides  is  to  subject  the  corresponding  hydroxides,  carbonates,  or 
nitrates,  to  the  action  of  heat. 

Oxides  are  for  the  most  part  opaque  earthy  bodies,  destitute  of 
metallic  lustre.  The  majority  of  them  are  fusible,  though  at 
temperatures  above  the  melting  points  of  the  uncombined  metals  ; 
those  of  lead  and  bismuth  at  a  low  red  heat ;  those  of  copper  and 
iron  at  a  white  heat ;  those  of  barium  and  aluminium  before  the 
oxyhydrogen  blow-pipe ;  while  calcium  oxide  or  lime  fuses  only  at 
the  temperature  of  the  electric  arc.  Osmium  tetroxide  and  antimoni- 
ous  oxide  are  volatile. 

A  greater  or  lesser  degree  of  heat  effects  the  decomposition  of 
many  metallic  oxides.  Those  of  gold,  platinum,  silver,  and  mercury 
are  reduced  to  the  metallic  or  reguline  state  by  an  incipient  red  heat. 
At  a  somewhat  higher  temperature,  the  liiglier  oxides  of  barium, 
cobalt,  nickel,  and  lead  are  reduced  to  the  state  of  monoxides  ;  while 
the  trinietallic  tetroxides  of  manganese  and  iron,  Mn^O,,  and  Fe.,04, 
are  produced  by  exposing  manganese  dioxide,  MnOa,  and  iron  sesqui- 
oxide,  FejOj,  respectively  to  a  still  stronger  heat.  By  gentle  ignition, 
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arsenic  and  antimonic  oxides  are  reduced  to  arsenious  and  anti- 
monious  oxides,  and  chromium  trioxide  to  sesquioxide. 

The  superior  oxides  of  the  metals  are  easily  reduced  to  a  lower 
state  of  oxidation  by  the  action  of  a  current  of  hydrogen  gas  at  a 
more  or  less  elevated  temperature.  At  a  higher  temperature,  hydro- 
gen gas  will  transform  to  the  reguline  state  all  metallic  oxides  except 
the  sesquioxides  of  aluminium  and  chromium,  and  the  monoxides  of 
manganese,  magnesium,  barium,  strontium,  calcium,  lithium,  sodium, 
and  potassium.  The  temperature  necessary  to  enable  hydrogen  to 
effect  the  decomposition  of  some  oxides  is  comparatively  low.  Thus 
metallic  iron  may  be  reduced  from  its  oxides  by  hydrogen  gas  at  a 
heat  considerably  below  redness.  Carbon,  at  a  red  or  white  heat,  is  a 
still  more  powerful  deoxidising  agent  than  hydrogen,  and  seems  to  be 
capable  of  completely  reducing  all  metallic  oxides  whatsoever.  The 
oxidisable  metals  in  general  act  as  reducing  agents. 

Chlorine  decorajDoses  all  metallic  oxides,  except  those  of  the  earth- 
metals  (aluminium,  &c.),  converting  them  into  chlorides,  and  ex- 
pelling the  oxygen.  With  silver  oxide  this  reaction  takes  place  at 
ordinary  temperatures  ;  with  the  alkalis  and  alkaline  earths,  at  a 
full  red  heat.  Sulphur,  at  high  temperatures,  can  decompose  most 
metallic  oxides  ;  with  many  oxides — those  of  silver,  mercury,  lead, 
and  copper,  for  instance — metallic  sulphides  and  sulphur  dioxide 
are  produced  ;  with  the  highly  basylous  oxides,  the  products  are 
metallic  sulphate  and  sulphide.  There  are  some  oxides  upon  which 
sulj^hur  exerts  no  action.  Of  these  the  principal  are  magnesia, 
alumina,  chromic,  stannic,  and  titanic  oxides.  By  boiling  sulphur 
with  soluble  hydroxides,  mixtures  of  polysulphide  and  thiosulphate 
are  produced.  With  the  exception  of  magnesia,  alumina,  and 
chromic  oxide,  most  metallic  oxides  can  absorb  sulphuretted  hydro- 
gen, to  form  metallic  sulphide  or  hydrosulphide  and  water. 

Oxygen-salts  or  Oxysalts. — Oxides  may  be  divided  into  three 
classes,  acidulous,  neutral,  and  basylous,  the  first  and  third  being 
capable  of  uniting  with  one  another  in  definite  proportions,  and 
forming  compounds  called  salts.  The  most  characteristic  of  the 
acid-forming  oxides  are  those  of  certain  non-metals,  as  nitrogen, 
sulphur,  and  phosphorus,  wliich  unite  readily  with  water  or  the 
elements  of  water,  forming  compounds  called  oxygen  acids,  dis- 
tinguished by  sour  taste,  solubility  in  water,  and  the  power  of 
reddening  certain  vegetable  blue  colours.  Tiie  most  characteristic 
of  the  basylous  oxides,  on  the  other  hand,  are  those  of  the  alkali- 
metals  and  alkaline  earth -metals,  which  likewise  dissolve  in  water, 
but  form  alkaline  solutions  possessing  in  an  eminent  degree  the 
power  of  neutralising  acids  and  forming  salts  with  them.  The  same 
power  is  exhibited  more  or  less  by  the  monoxides  of  most  other 
metals,  as  zinc,  iron,  copper,  manganese,  &c.,  and  by  the  sesquioxides 
of  aluminium,  iron,  chromium,  and  others.  The  higher  oxides  of 
several  of  these  metals — the  trioxides  of  chromium,  for  example 
—exhibit  acid  characters,  being  capable  of  forming  salts  with  the 
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more  basic  oxides ;  and  some  metals,  as  niobium  and  tantalum, 
form  only  acidulous  oxides. 

In  some  cases  salts  are  formed  by  the  direct  combination  of  an 
acid  and  a  basic  oxide.  Thus,  when  vapour  of  sulphuric  oxide,  SO3, 
is  passed  over  barium  oxide,  BaO,  the  two  combine  together, 
and  form  barium  sulphate,  BaO,S03  or  BaS04.  Silicic  oxide,  Si02, 
phosphoric  oxide,  P4O1Q,  boric  oxide,  BgOg,  and  other  acid  oxides 
capable  of  withstanding  a  high  temperature  without  decomposing  or 
volatilising,  likewise  unite  with  basic  oxides  when  heated  with  them, 
and  form  salts. 

But  in  the  majority  of  cases  metallic  salts  are  formed  by  substi- 
tution, or  interchange  of  a  metal  for  hydrogen,  or  of  one  metal  for 
another.  It  is  clear,  indeed,  that  any  metallic  salt  (zinc  sulphate, 
ZnOjSOj,  for  example)  may  be  derived  from  the  corresponding  acid 
or  hydrogen  salt  (HgOjSOg)  by  substitution  of  a  metal  for  an  equiva- 
lent quantity  of  hydrogen.  Accordingly,  metallic  salts  are  frequently 
produced  by  the  action  of  an  acid  on  a  metal  or  a  metallic  oxide  or 
hydroxide,  thus — 

(!)    H,S04   +  Zn     =  ZnSO^     +  H,. 

(2)  2HNO3  +  AggO  =  2AgN03  +  H;0. 

(3)  HNO3    +  KHO  =  KNO3     +  H2O . 

In  the  instances  represented  by  these  equations,  the  metallic  salts 
formed  are  soluble  in  water.  Insoluble  salts  are  frequently  prepared 
by  interchange  of  the  metals  between  two  soluble  salts,  barium 
nitrate  and  sodium  sulphate,  for  example,  thus — 

(4)   Ba(N03)2  +  NagSOi  =  BaS04  +  2NaN03. 

In  this  case  the  barium  sulphate,  being  insoluble,  is  precipitated, 
while  the  sodium  nitrate  remains  in  solution. 

In  all  these  reactions,  hydrochloric  acid  or  a  metallic  chloride 
might  be  substituted  for  the  oxygen-acid  or  oxygen-salt,  without  the 
slightest  alteration  in  the  mode  of  action,  the  product  formed  in  each 
case  being  a  chloride  instead  of  a  nitrate  or  sulphate  ;  thus  : — 

(1')  2HC1  +  Zn  =     ZnCU  + 

(2')  2HC1  +  AgaO  =  2AgCr  +  H,0 

(3')     HCl  +  KHO  =      KCl  -f-  H2O 

(4')     AgNOs  +  NaCl  =     AgCl  +  NaNOs. 

From  all  these  considerations  it  appears  that  oxygen-salts  may  be 
regarded,  either  as  compounds  of  acid  oxides  with  basic  oxides,  or  as 
analogous  in  composition  to  chlorides, — that  is  to  say,  as  compounds 
of  a  metal  with  a  radicle  or  group  of  elements,  such  as  NO3  {nitrion) 
in  the  nitrates,  SO4  (suljiliion)  in  the  sulphates,  discharging  func- 
tions similar  to  those  of  chlorine,  and  capable,  like  that  clement,  of 
passing  unchanged  from  one  compound  to  another. 

For  many  years,  indeed,  it  was  a  subject  of  discussion  among 
chemists,  whether  the  former  or  the  latter  of  these  views  should  be 
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regarded  as  representing  the  actual  constitution  of  oxygen  salts. 
Berzelius  divided  salts  into  two  classes  :  (1)  Haloid  salts  com- 
prising, as  already  mentioned,  the  chlorides,  bromides,  iodides,  and 
fluorides,  which  are  compounds  of  a  metal  with  a  monad  metallic 
element. — (2)  A  m  p  h  i  d  salt  s,  consisting  of  an  acid  or  electro- 
negative oxide,  sulphide,  selenide,  or  telluride,  with  a  basic  or 
electro-positive  compound  of  the  same  kind  ;  such  as  potassium 
arsenate,  SKjOjAsjOg  ;  potassium  sulpharsenate,  3K2S,As2S5 ;  pot- 
assium selenioplaosphate,  2K2Se,P2Se5,  &c. 

Davy,  however,  observing  the  close  analogy  between  the  reactions 
of  chlorides,  on  the  one  hand,  and  of  oxygen-salts,  such  as 
sulphates,  nitrates,  &c.,  on  the  other,  suggested  that  the  latter 
might  be  regarded,  like  the  former,  as  compounds  of  metals  with 
acid  or  electro-negative  radicles,  the  only  difference  being,  that  in 
the  former  the  acid  radicle  is  an  elementary  body,  CI,  Br,  &c., 
whereas  in  the  former  it  is  a  comj^ound,  as  SO4,  NO3,  PO4,  &c. 
This  was  called  the  binary  theory  of  salts ;  it  was  supported  by 
many  ingenious  arguments  by  its  proposer  and  several  contemporary 
chemists  ;  in  later  years  also  by  Liebig,  and  by  Daniell  and  Miller, 
who  observed  that  the  mode  of  decomposition  of  salts  by  the  electric 
current  is  more  easily  represented  by  this  theorj'  than  by  the  older 
one. 

The  formulfe  now  in  use  are  intended  to  exhibit,  first,  the  balance 
of  neutralisation  of  the  units  of  valency  or  combining  cai^acity  of 
the  several  elements  contained  in  a  compound  ;  and,  secondly,  the 
naanner  in  which  any  compound  or  group  of  atoms  tends  to  split 
up  into  subordinate  groups  under  the  influence  of  different  reagents. 

Examples  of  constitutional  formulas  have  already  been  given 
(p.  262). 

Basicity  of  Acids. — Normal,  Acid,  and  Double  Salts. — Acids  are 
monobasic,  bibasic,  tribasic,  &c.,  according  as  they  contain  one  or 
more  atoms  of  hydrogen  replaceable  by  metals  ;  thus  nitric  acid, 
HNO3,  and  hydrochloric  acid,  HCl,  are  monobasic  ;  sulphuric  acid, 
H2SO4,  is  bibasic  ;  phosjjhoric  acid,  H3PO4,  is  tribasic. 

Monobasic  acids  form  but  one  class  of  salts  by  substitution,  the 
metal  taking  the  place  of  the  hydrogen  in  one,  two,  or  three  mole 
cules  of  the  acid,  according  to  its  equivalent  value  :  thus  the  action 
of  hydrochloric  acid  on  sodium,  zinc,  and  aluminium  is  represented 
by  the  equations  : 

HCl    +    Na    =    NaCl     +  H 
2HC1    -I-    Zn    =    ZnCl,    -f  H, 
3HC1    +    Al     =    AICI3    +  H3", 

and  that  of  nitric  acid  on  the  hydroxides  of  the  same  metals  by  the 
equations  : 

HNO3  -t-  Na(HO)  =  NaNOa  +  H(HO) 
2HNO3  +  Ba(HO)„  =  Ba(N03),  -I-  2H(H0) 
3HNO3  +  A1(H0)3  =  A1(N03);  -I-  3H(H0). 
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Bibasic  acids,  on  the  other  hand,  form  two  classes  of  salts,  viz., 
primary  or  acid  salts,  in  which  half  the  hydrogen  is  replaced  by  a 
metal ;  and  secondary  salts,  in  which  the  whole  of  the  hydrogen  is 
thus  replaced,  the  salt  being  called  normal  or  neutral  if  it  contains 
one  metal,  and  doable  if  it  contains  two  metals,  thus  : 

! potassium  hydrogen  sulphate, 
primary,  or  acid  potassium 
sulphate. 

K  c?n         f  di]Dotassium  sulphate,  second- 
"       "  »     ^-iP^i        I    ary,  or  normal  sulphate. 

„    H.^SO^        „      BaSO,j  barium  sulphate. 

„  2H2SO4  „  NaK^(S04)2  sodium  tripotassium  sulphate. 
„       „  „      KA1(S04)2     potassium  aluminium  sulphate. 

„  3H2SO4        „      Al2(S04)3      normal  aluminium  sulphate. 

Tribasic  acids  in  like  manner  form  two  classes  of  acid  salts, 
primary  or  secondary,  according  as  one-third  or  two-thirds  of  the 
hydrogen  is  replaced  by  a  meted  :  also  tertiary  salts,  including  normal 
and  double  or  triple  salts,  in  which  the  hydrogen  is  wholly  replaced 
by  one  or  more  metals  ;  in  quadribasic  acids  the  variety  is,  of  course, 
still  greater. 

The  use  of  the  terminations  ous  and  ic,  as  applied  to  salts,  has 
already  been  explained.  "We  have  only  further  to  observe  in  this 
place  that  when  a  metal  forms  but  one  class  of  salts,  it  is  for  the 
most  part  better  to  designate  those  salts  by  the  name  of  the  metal 
itself  than  by  an  adjective  ending  in  ic  ;  thus  potassium  nitrate,  and 
lead  sulphate,  are  mostly  to  be  preferred  to  potassic  nitrate  and 
plumbic  sulphate.  But  in  naming  double  salts,  and  in  many  cases 
where  a  numeral  prefix  is  required,  the  names  ending  in  ic  are  more 
euphonious  ;  thus  triplumbic  phosphate  sounds  better  than  trilead  phos- 
phate, but  there  is  no  occasion  for  a  rigid  adherence  to  either  system. 

All  oxygen-salts  may  also  be  represented  as  compounds  of  an  acid 
oxide,  with  one  or  more  molecules  of  the  same  or  different  basic 
oxides,  including  water,  e.g. : — 

Hydro-potassic  sulphate,      2HK(S04)      =  H20,K20,2S03 
Sodio-tripotassic  sulphate,  2NaK3(S04)2  =  Na20,3K20,4S03 
Potassio-aluminic  sulphate,  2KA1(S04)2    =  K20,Al203,4S03. 
Hydrodisodic  phosphate,     2HNa2(PO)4  =  H20,2Na20,P205 . 

When  a  normal  oxygen-salt  is  thus  formulated,  it  is  easy  to  see 
that  the  number  of  molecules  of  acid  oxide  contained  in  its  molecule 
is  equal  to  the  number  of  oxygen-atoms  in  the  base  ;  thus  : 

Normal  potassium  sulphate,  K2SO4      =  K20,S03 

„     barium  sulphate,  BaSO^      =  BaO,S03 

„     stannic  sulphate,  Sn(S04)2  =  Sn02,2S03 

aluminium  sulphate,  Al2(S04)3  =  Al2d3,3S03 . 


When  the  proportion  of  acid  oxide  is  less  than  this,  the  salt  is 
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called  basic  ;  such,  salts  may  be  regarded  as  compounds  of  a  normal 
salt  with  one  or  more  molecules  of  basic  oxide,  or  as  derived  from 
normal  salts  by  substitution  of  oxygen  for  an  equivalent  quantity  of 
the  acid  radicle  ;  thus  : 

Tribasic  lead  nitrate,       BPbOjNaOs     =  Pb(NO.;).„2PbO 

=  PbaCNOsi^O, 

Quidribasicalumi-j       4A},0,,3S0,   =  SAIAAUCSO,). 
mum  sulphate,   /           23,      s  =a],(s6,).A- 

The  last  mode  of  formulation  exhibits  the  analogy  of  these  basic 
oxy  salts  to  the  oxy chlorides,  oxy iodides,  etc. ;  thus  the  basic  lead 
nitrate,  Pb3(03)202,  just  mentioned,  is  analogous  to  the  oxy  chloride 
of  that  metal,  PbjClgOg,  which  occurs  native  as  mendipite. 

The  constitutional  formulae  of  such  compounds  would  represent 
them  as  containing  atoms  of  metal  linked  together  by  oxygen,  the 
basic  lead  nitrate,  for  example,  and  the  oxychloride  being  expressed 
as  follows  : — 


O.NO., 

CI 

1  " 

Pb 

1 

Pb 

1 

0 

1 

0 

i 

Pb 

Pb 

I 

0 

1 

0 

1 

Pb 

1 

Pb 

O.NO., 

1 

CI 

The  terms  basic  and  acid  are  sometimes  applied  to  sails  with 
reference  to  their  action  on  vegetable  colours.  The  normal  salts 
formed  by  the  union  of  the  stronger  acids  with  the  alkalis  and 
alkaline  earths,  such  as  potassium  sulphate,  K2SO4,  barium  nitrate, 
Ba(N03)2,  &c.,  are  perfectly  neutral  to  vegetable  colours,  but  most 
other  normal  salts  exhibit  either  an  acid  or  an  alkaline  reaction  ; 
thus  ferrous  sulphate,  cupric  sulphate,  mercuric  nitrate,  and  many 
others,  redden  litmus,  while  the  normal  carbonates  and  phosphates 
of  the  alkali-metals  exhibit  a  decided  alkaline  reaction.  It  is  clear, 
then,  that  the  action  of  a  salt  on  vegetable  colours  bears  no  definite 
relation  to  its  comijosition  :  hence  the  term  normal,  as  applied  to  salts 
in  which  the  basic  hydrogen  of  the  acid  is  wholly  replaced,  is  pre- 
ferable to  neutral,  and  the  terms  basic  and  acid,  as  applied  to  salts, 
are  best  used  in  the  manner  above  explained  with  reference  to  their 
composition. 

When  a  normal  salt  containing  a  monoxide  passes  by  oxidation  to 
a  salt  containing  a  sesquioxide,  dioxide,  or  trioxide,  the  quantity  of 
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acid  oxide  present  is  no  longer  sufficient  to  saturate  the  basic  oxide. 
Thus  when  a  solution  of  ferrous  sulphate,  FeS04,  or  FeOjSOj 
(common  green  vitriol),  is  exposed  to  the  air,  it  absorbs  oxygen, 
and  an  insoluble  ferric  salt  is  produced  containing  an  excess  of 
base,  while  normal  ferric  sulphate  remains  in  solution  : 


4(FeO,S03) 
Ferrous  sulphate. 


+      02     =  Fe203,3S03 

Normal  ferric 
sulphate. 


FeaOg.SOa , 

Basic  ferric 
sulphate. 


These  basic  salts  are  very  often  insoluble  in  water. 

Salts  containing  a  proportion  of  acid  oxide  larger  than  is  sufficient 
to  form  a  neutral  compound  are  called  anhydro-salts  (sometimes, 
thougb  improperly,  acid  salts)  ;  they  may  evidently  be  regarded  as 
compoirnds  of  a  normal  salt  with  excess  of  acid  oxide  ;  e.g. : 

'tw^Krfi^        }  N%0(SO.),  -  Na.SO..SO. 

The  following  is  a  list  of  the  most  important  inorganic  acids, 
arranged  according  to  their  basicity  : 

Monobasic  Acids. 
HCl 
HBr 


Hydrochloric,  . 
Hydrobromic,  . 
Hydriodic, 
Hydrofluoric,  . 
Nitrous,  . 
Nitric, 

Hyposulpliurous, 

Hypophosphorous, 

Metaphosphoric, 

Hydric  (water), 
Sulphydric, 
Selenhydric,  , 
Tellurhydric,  . 
Sulphurous, 
Sulphuric, 
Pyrosulphuric, 
Thiosulphuric, 
Dithionic, 
Trithionic, 
Tetrathionic,  . 
Pentathionic,  . 

Orthophosplioric, 

Pyrophosphoric, 


HI 

HF 

HNO., 

HNO; 

H(SHO,) 

H(PH202) 

HPO3? 


Metaboric, 
Metantimonic, 
Hypochlorous, 
Chlorous, 
Chloric, 
Perchloric, 
Bromic, 
Iodic, 

Metaperiodic, 
Bihasic  Acids. 
H2O  Selenious, 
HjS  Selenic, 
HjSe  Tellurous, 
H„Te  Telluric, 
H^SOg  Manganic, 
H2SO4  Permanganic, 
H^SoOy  Chromic, 
H2S0O3  Stannic, 
HjSaOs  Metasilicic, 
H._,S;,Og  Carbonic, 
HjSjOg  Phosphorous, 
H^S^O^ 

Tribasic  Acids, 
H3PO4       I  Arsenic, 
Quadribasic  Acids. 


H.P.O, 


Orthosilicic, 


HBO., 
HSbds 
HCIO 
HCIO2 
HCIO3 
HC104 
HBrO., 
HlOg' 
HIO4 

HoSeOa 

H.,Se04 

HoTeO 

H:Te04 

H2Mn04 

HaMnjOg 

H.,CrU4 

H;Su03 

H^SiOa 

H^CO., 

H2(PH03) 


H,AsO. 


H^SiOj . 


*  The  so-called  "  anhydrosulphates  "  are  now  regarded  as  salts  of  a  distinct 
acid,  pyrosulphuric  acid,  HSS2O7  (p.  135). 
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The  general  characters  of  most  of  the  non-metallic  acids  and  their 
salts  have  been  already  considered  ;  but  the  phosphates,  borates,  and 
silicates  rerjuire  further  notice. 

Phosphates. — There  are  three  modifications  of  pho,sphoric  acid  : 
one  being  monobasic,  the  other  tribasic,  and  the  third  quadribasic, 
as  indicated  in  the  preceding  table. 

Hydrogen  phosphide,  PH3,  burnt  in  air  or  oxygen  gas,  takes  up 
four  atoms  of  oxygen,  and  forms  trihydric  phosj^hate  or 
tribasic  phosphoric  acid,  PH3O4.  The  same  acid  is  pro- 
duced by  the  oxidation  of  hypophosphorous  or  phosphorous  acid, 
by  oxidising  phosphorous  with  nitric  acid  ;  by  the  decomposition  of 
native  calcium  phosphate  (aj^atite)  and  other  native  phosphates  ;  and 
by  the  action  of  boiling  water  on  phosphoric  oxide,  P4OJQ.  This 
acid  forms  three  distinct  classes  of  metallic  salts.  With  sodium,  for 
example,  it  forms  the  three  salts,  NaH2P04,  NaoHPOj,  and  NajPOj, 
the  first  two  of  which,  still  containing  replaceable  hydrogen,  are  con- 
stitutionally acid  salts,  while  the  third  is  the  normal  salt. 

If  now  the  monosodic  phosphate,  NaHaPO^,  be  heated  to  redness,  it 
gives  oft'  one  molecule  of  water,  and  leaves  an  anhydrous  monosodic 
phosphate,  NaPOg,  the  aqueous  solution  of  which,  M'lien  treated  with 
lead  nitrate,  yields  a  lead-salt  of  corresponding  composition  ;  thus  : — 

2NaP03  +  Pb(N03)2  =  Pb(P03)2  +  2NaN03  ; 

and  this  lead-salt,  decomposed  by  sulphydric  acid,  yields  a  mono- 
hydric  acid  having  the  composition  HPO3,  possessing  properties  quite 
distinct  from  those  of  the  trihydric  acid  above  mentioned  : — 

Pb(P03)2  -I-  HjS  =  2HPO3  +  PbS. 

The  trihydric  acid  which  is  produced  by  the  oxidation  of  phosphorus, 
and  by  the  decomposition  of  the  ordinary  native  phosphates,  is 
called  ortho phosphoric  acid  or  ordinary  jjhosphoric 
acid;  the  monohydric  acid  is  called  m  e  t  a  p  h  0  s  p  h  o  r  i  c  acid. 

Metaphosphoric  acid  and  its  salts,  as  usually  represented,  difi'er 
from  orthophosphoric  acid  and  the  orthophospliates  by  the  want  of 
o  ne  or  two  molecules  of  water  or  basic  oxide  ;  thus  : — 

Mctapliospliatcs.  Ortlioplios]iliatcs. 

HPO3  =  H3POJ  -  H.,0 

NaPd  =  NaHgPOj  -  HoO 

Ba(P03),  =  BaH/PO.,)..  -  2H2O 

AgP03  "  =  AggPO,  -  Ag,0 

Pb(P03)2  =  Pb3(P0,),  -  2PbO. 

Accordingly,  we  find  that  metaphosphates  and  orthophosphates  are 
convertible"  one  into  the  other  by  the  loss  or  gain  of  one  or  two 
molecules  of  water  or  basic  oxide. 

The  m  e  t  a  p  li  0  s  p  h  a  t  e  s  are  susceptible  of  five  polymeric  modi- 
fications. 

o.  Monometaphosphatcs,  MPO3  [M  denoting  a  univalent  metal].— 
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These  salts  are  produced  by  adding  phosphoric  acid  in  excess  to 
solutions  of  sulphates  or  nitrates,  and  heating  the  evaporated  resi- 
dues to  316°  or  upwards.  The  potassium  salt  is  also  formed  by 
igniting  potassium  hydroxide  with  phosphoric  acid  in  molecular 
proiDortion  ;  the  ammonium  salt  by  heating  ammonium  dimetaphos- 
phate  to  250°.  These  metaphosphates  are  crystalline  anhydrous 
powders,  insoluble  in  water.  There  are  no  double  salts  of  this  modi- 
fication. 

j3.  Dimetaphos2)hates,  M2(P03)2  and  M"(P03)2,  are  formed  when 
aqueous  phosphoric  acid  is  heated  to  350°  with  oxide  of  zinc,  man- 
ganese, or  copper ;  and  the  copper  salt  decomposed  by  sulphide  of 
potassium  or  sodium  yields  potassium  or  sodium  dimetaphosphate. 
These  alkali-metal  dimetaphosphates  are  soluble  in  water  and  crys- 
tallisable  ;  the  rest  are  insoluble  or  only  slightly  soluble. 

y.  Trimetaphosphates,  M3(P03)3. — The  sodium  salt  of  this  modi- 
fication is  obtained,  together  with  the  monometaphosphate,  by  gently 
heating  microcosmic  salt  (NHJHNaPO^,  till  the  fused  mass  becomes 
crystalline  ;  and  from  this  salt  other  trimetaphosphates  may  be 
formed  by  double  decomposition.  They  are  all  soluble  in  water 
including  the  silver  salt,  which  may  be  obtained  by  slow  deposition 
in  large,  transparent,  monoclinic  crystals. 

5.  Tetrametaphosphates,  M4(P03)4.— The  lead  salt,  Pb2(P03)4,  is 
formed  by  heating  lead  oxide  at  300°  Avith  excess  of  phosphoric 
acid  ;  and  this  salt  decomposed  by  sodium  sulphide  yields  the  sodium 
salt,  which  is  viscid  and  uncrystallisable.  By  fusing  it  with  copper 
dimetaphosphate,  and  leaving  the  mass  to  cool  gradually,  a  double 
salt  is  obtained  having  the  composition  CuNa2(P03)i. 

e.  Hexametaphosphates,  Mj.(P03)q,  discovered  by  Graham,  and  ob- 
tained by  dehydration  of  dihydric  orthophosphates. 

The  chemical  history  of  these  modifications  of  metaphosphoric 
acid  is,  however,  still  very  obscure,  and  ret^uires  further  investi- 
gation. 

Pjrrophospliates — Intermediate  between  orthophosphates  and 
metaphosphates,  there  are  at  least  three  distinct  classes  of  salts, 
the  most  important  of  which  are  the  pyrophosphates  which 
may  be  derived  from  the  tetrahydric  or  quadribasic  acid,  H4P2O7, 
the  nonnal  sodium  salt,  for  example,  being  Na^P^O^,  the  normal 
lead  salt,  PbgPgOy,  etc.  These  salts  may  be  viewed  as  compounds 
of  orthophosphate  and  metaphosphate,  e.g.  : 

Na^PjOy  =  NaaPOj-f-NaPOs. 

Sodium  pyrophosphate  is  produced  by  heating  disodium  orthophos- 
phate to  redness,  a  molecule  of  water  being  then  given  ofi' : 

aNajjHPOi  =  H2O  -t-  Na^PgO,. 
The  aqueous  solution  of  this  salt  yields  insoluble  pyrophosphates 
with  lead  and  silver  salts  ;  thus  with'  lead  nitrate  : 

Na^PgOy  +  2Pb(N03),  =  4NaN0   +  Pb,P.,0- ; 
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and  lead  pyrophosphate  decomposed  by  hydrogen  sulphide  yields 
hydrogen  pyrophosphate  or  pyrophosphoric  acid  : 

PbaPaOy  +  2H2S  =  2PbS  + 

Pyrophosphates  are  easily  converted  into  metaphosphates  and 
orthophosphates,  and  vice  versa,  by  addition  or  abstraction  of  water 
or  a  metallic  base. 

Fleitmann  and  Henneberg,  by  fusing  together  a  molecule  of 
sodium  pyrophosphate,  Na^PoO^  or  Na3P04,  NaP03,  with  tAvo 
molecules  of  metaphosphate  NaPOj,  obtained  a  salt  having  the 
composition  NaBP40i3  or  Na3P04,3NaP03,  which  is  soluble  without 
decomposition  in  a  small  quantity  of  hot  water,  and  crystallises 
from  its  solution  by  evaporation  over  oil  of  vitriol.  An  excess  of 
hot  Avater  decomposes  it,  but  its  cold  aqueous  solution  is  moder- 
ately permanent.  Insoluble  phosphates  of  similar  composition  may 
be  obtained  from  the  sodium  salt  by  double  decomposition.  Fleit- 
mann and  Henneberg  obtained  another  crystal! isable  but  very 
insoluble  salt,  having  the  composition  Na3P04,9NaP03,  by  fusing 
together  one  molecule  of  sodium  pyrophosphate  with  eight  molecules 
of  the  metaphosphate  ;  and  insoluble  phosj)hates  of  similar  consti- 
tution were  obtained  from  it  by  double  decomposition. 

The  comparative  composition  of  these  different  phosphates  may  be 
shown  by  representing  thein  as  compounds  of  phosphoric  oxide  with 
metallic  oxide,  and  assigning  to  them  all  the  quantity  of  basic  oxide 
contained  in  the  most  complex  member  of  the  series  ;  thus — 

Orthophosphate,   6NaoO,2Po05  =  4Na3P04 

Pyrophosphate  ,   eNa-jO.SPoOg  =  3Na4P207 

Fleitmanu  and  Henneberg's  phosphate  (a),  ,  eNa^O.iPoOg  =  2Na6P40i3 

(6),  .  6Na20,5PA  =  Na,„P,„03, 

Metaphosphate,   eNajO.ePjOg  =  12NaP03 . 

Borates. — There  are  three  series  of  these  salts,  analogous  to  the 
three  principal  modifications  of  the  phosphates,  and  derived  respec- 
tively from  ortho-,  meta-,  and  pyroboric  acid  (p.  223) ;  thus  [M 
denoting  a  univalent  metal] : — 

Orthoborates,  M3BO3  =  B(0M)3 
Metaborates,  MBOg  =  BO(OM) 
Pyroborates,  M2B4O7  =  B405(OM)2 . 

The  metallic  orthoborates  are  very  unstable,  the  only  well-defined 
orthoborate  being  the  magnesium  salt ;  but  several  volatile  ethers 
of  similar  constitution  are  known,  e.g.,  triethylic  borate,  B(OC2H5)3. 
— The  metaborates  are  much  more  stable,  e.g.,  NaBO,  and  Mg(1302)2. 
— The  injrohorates  are  also  stable  salts,  including  sodium  pyroborate 
or  borax,  Na2B40j,  the  calcium  salt  or  borocalcite,  CaJ340-,  and 
boronatfocalcite,  Na2B407,2CaB407. 

Borates  of  more  complex  constitution  are  also  known,  amongst 
which  are  the  following  minerals  :— Larderellite,  (NH4)2B80i3  Lago- 
nite,  Fe2BoOi2,  and  Boracite,  2Mg3B30i5MgCl2. 
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Silicates.— These  salts  occur  very  abundantly  as  natural 
minerals,  and  exliibit  great  diversity  of  composition  ;  but  the  most 
important  of  them  may  be  arranged  in  the  following  groups. 


Oxygen- 
ratio, 
MjOiSiOo. 

Formula. 

Examples. 

Hemisilicates ' 

or  Orthosi- 

licates. 
Moiiosilicates 

or  Metasili- 

cates. 
Sesqulsilicates 

Di-  or  Bi-sili- 
cates. 

\ 

1 
( 

1  :  1 

1  :  2 
1  :  3 

1  :  4 

\ 

2M..O,Si02  = 
M4Si04 

'M.O.SiO.,  = 
M'.SiOs 

2M20,3Si02  = 
MiSigOg 

M..O,2Si0.2  = 
MoSiA 

j  Olivine  ^S"|si0i. 

Diopside  (Ca,Mg)"Si03. 

Orthockse  (KAr'^SiaOg. 
Stilbite(Ca"Al"'2)Si„0,e  4 
5HoO. 

Okenite,  Ca"Si20g  +  2H3O. 

Silicates  are  sometimes  also  distinguished  by  names  expressing 
directly  the  oxygen-ratio  in  the  silica  and  metallic  oxide,  the  ratio 
1  :  1  giving  Singulosilicates  ;  1:2,  Disilicates  ;  1  :  3,  Trisilicates  ; 
1  :  4,  Quadrisilicates,  etc. 

All  silicates  are  insoluble  in  water,  except  those  of  the  alkali- 
metals,  which  dissolve  with  greater  facility  in  proportion  as  they 
contain  a  larger  quanity  of  basic  oxide.  These  salts,  known  as  soluble 
glass  or  vjciter -glass,  are  used  for  making  artificial  stone,  and  preserving 
natural  stone  from  decay  ;  also  for  rendering  muslin  and  other  light 
fabrics  uninflammable  ;  and  for  a  peculiar  style  of  mural  painting. 

Some  silicates  are  entirely  decomposed  by  heating  them  in  the 
state  of  powder,  with  hydrochloric  or  nitric  acid,  the  bases  being 
dissolved  and  silica  separated.  Others,  on  the  contrary,  resist  the 
action  of  all  acids  except  hydrofluoric  ;  but  all  without  exception 
become  soluble  in  dilute  nitric  or  hydrochloric  acid,  after  fusion 
with  from  3  to  5  times  their  weight  of  hydroxide  or  carbonate  of 
potassium  or  sodium,  or  with  carbonate  of  barium,  or  calcium,  or 
with  lead  oxide,  the  mineral  being  completely  disintegrated,  and 
the  solution  yielding  on  evaporation,  first  a  jelly  and  then  a  dry 
residue,  of  which  the  part  insoluble  in  hot  hydrochloric  acid  exhibits 
the  characters  of  silica. — Silicates  heated  in  a  platinum  vessel  with 
hydrofluoric  acid,  or  with  fluorspar  and  strong  sulphuric  acid,  give 
off  gaseous  fluoride  of  silicon. 

Metallic  Sulphides. — These  compounds  correspond,  for 
the  most  part,  in  composition  with  the  oxides  :  thus  there  are  two 
sulphides  of  antimony,  SbjjSg  (or  Sb.,0(,),  and  SboS^,  corresponding 
with  the  oxides,  Sb^Op,  and  SbaO^ ;  also  two  sulphides  of  mercury, 
HgaS  and  HgS,  analogous  to  the  oxides,  HgaO  and  HgO.  Occa- 
sionally, however  we  meet  with  oxides  to  which  there  are  no  corre- 
sponding sulphides  (manganese  dioxide,  for  example),  and  more 
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frequently  with  sulpliides  to  whicli  tliere  are  no  corresponding 
oxides,  the  most  remarkable  of  which  are  perhaps  the  alkaline  poly- 
sulphides.  Potassium,  for  example,  forms  the  series  of  sulphides, 
KgS,  K2S2,  K2S3,  K2S4,  and  KgS-,,  the  third  and  fifth  of  which  have 
no  analogues  in  the  oxygen  series. 

There  are  also  hydrosulj^hides  analogous  to  the  hydroxides,  and 
containing  the  elements  of  a  metallic  sulphide  and  hydrogen  sul- 
pliide,  or  sulphydric  acid  :  e.g.,  potassium  hydrosulphide,  K,S,H,S  = 
2KHS;  lead  hydrosulphide,  PbS,H2S  =  PbH2S2.  Hydrosulpludes 
and  sulphides  may  be  derived  from  sulphydric  acid  by  partial  or 
total  replacement  of  the  hydrogen  by  metals,  just  as  metallic 
hydroxides  and  oxides  are  derived  from  water. 

Many  metallic  sulphides  occur  as  natural  minerals,  especially  the 
sulphides  of  zinc,  lead,  copper,  and  mercury,  which  afford  valuable  ores 
for  the  extraction  of  the  metals,  and  iron  bisulphide  or  iron  pyrites, 
FeSg,  which  is  largely  used  as  a  source  of  sulphur,  and  for  the  pre- 
paration of  ferrous  sulphate. 

Sulphides  are  formed  artificially  by  heating  metals  with  sulphur  ; 
by  the  action  of  metals  on  gaseous  hydrogen  sulphide  ;  by  the  reduc- 
tion of  sulphates  with  hydrogen  or  charcoal ;  by  heating  metallic 
oxides  in  contact  with  gaseous  hydrogen  sulphide  or  vapour  of 
carbon  bisulphide  ;  and  by  precipitation  of  metallic  solutions  with 
hydrogen  sulphide  or  a  sulphide  of  alkali-metal.  Some  metals,  as 
copper,  lead,  silver,  bismuth,  mercurj'',  and  cadmium,  are  preci- 
pitated from  their  acid  solutions  by  hydrogen  sulphide,  passed  into 
them  as  gas,  or  added  in  aqueous  solution,  the  sulphides  of  these 
metals  being  insoluble  in  dilute  acids  ;  others,  as  iron,  cobalt,  nickel, 
manganese,  zinc,  and  uranium,  form  sulphides  which  are  soluble  in 
acids,  and  these  are  precipitated  by  hydrogen  sulphide  only  from 
alkaline  solutions,  or  by  ammonium  or  potassium  sulphide  from 
neutral  solutions.  Many  of  these  sulphides  exhibit  characteristic 
colours,  which  serve  as  indications  of  the  presence  of  the  respective 
metals  in  solution. 

Metallic  sulphides  are  also  formed  by  the  reduction  of  sulphates 
with  organic  substances  ;  many  native  sulphides  have  doubtless  been 
formed  in  this  way. 

The  physical  characters  of  some  metallic  sulphides  closely  re- 
semble those  of  the  metals  in  certain  particulars,  such  as  the  peculiar 
opacity,  lustre,  and  density,  especially  when  they  are  crystallised. 
They  are  generally  crystallisable,  brittle,  and  of  a  grey,  pale  yellow, 
or  dark  brown  colour.  The  sulphides  of  the  alkali-metals  are 
soluble  in  water  ;  most  of  the  others  are  insoluble.  They  are  more 
frequently  fusible  than  the  corresponding  oxides,  and  some  are 
volatilisable,  as  mercury  sulphide  and  arsenic  sulphide. 

Many  sulphiiles,  wlien  heated  out  of  contact  with  atmospheric  air, 
do  not  undergo  any  decomposition  ;  this  is  the  case  chiefly  with 
those  containing  the  smallest  proportions  of  sulphur,  such  as  the 
monosulphides  of  iron  and  zinc.  Sulphides  containing  larger  pro- 
portions of  sulphur  are  partially  decomposed  by  heat,  losing  part  ot 
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their  sulphur,  and  being  converted  into  lower  sulphides  ;  as  in  the 
case  of  iron  bisulphide.  The  sulphides  of  gold  and  j)latinum  are 
completely  reduced  by  heat. 

Some  sulphides  may  be  decomposed  by  the  simultaneous  action  of 
heat  and  of  substances  capable  of  combining  with  sulphur.  Thus, 
for  instance,  silver,  copper,  bismuth,  tin,  and  antimony  sulphides 
are  reduced  by  hydrogen  ;  copper,  lead,  mercury,  and  antimony  sul- 
phides are  reduced  by  heating  with  iron. 

Sulphides  which  are  not  reduced  by  heat  alone  are  always  de- 
composed when  heated  in  contact  with  oxygen  or  atmospheric  air. 
Those  of  the  alkali-metals  and  earth-metals  are  converted  into  sul- 
phates by  tliis  means.  Zinc,  iron,  manganese,  copper,  lead,  and 
bismuth  sulphides  are  converted  into  oxides,  and  sulphurous  oxide 
is  produced  ;  but  when  the  temperature  is  not  above  dull  redness, 
a  certain  quantity  of  sulphate  is  also  formed  by  direct  oxidation. 
Mercury  and  silver  sulphides  are  completely  reduced  to  the  metallic 
state.  Some  native  sulphides  gradually  undergo  alteration  by  mere 
exposure  to  the  air  ;  but  the  action  is  then  generally  limited  to  the 
p)roduction  of  sulphates,  unless  the  oxidation  takes  place  so  rapidly 
that  the  heat  generated  is  sufficient  to  decomjjose  the  sulphate  first 
produced.  In  the  production  of  some  metals  for  use  in  the  arts,  the 
separation  of  sulphur  from  the  native  minerals  is  effected  chiefly  by 
means  of  this  action  in  the  operation  of  roasting. 

Metallic  sulphides  are  decomposed  in  like  manner  when  heated 
with  metallic  oxides  in  suitable  proportions,  yielding  sulphurous 
oxide  and  the  metal  of  both  the  sulphide  and  oxide.  Lead  is  re- 
duced from  the  native  sulphide  in  this  manner. 

Many  metallic  sulphides  are  decomposed  by  acids  in  presence  of 
water,  sulphuretted  hydrogen  being  evolved  while  the  metal  enters  into 
combination  with  the  negative  radicle  of  the  acid.  Nitric  acid  when 
concentrated  decomposes  most  sulphides,  with  formation  of  metallic 
oxide,  sulphuric  acid,  sulphur,  and  a  lower  oxide  of  nitrogen.  Nitro- 
rauriatic  acid  acts  in  a  similar  manner,  but  still  more  energetically. 

Sulphiir-Salts. — The  sulphides  of  the  more  electro-positive 
metals  unite  with  those  of  the  more  negative  metals,  and  of  the 
non-metallic  elements,  forming  sulphur-salts,  analogous  in  com- 
position to  the  oxygen  salts,  e.g. : 

Carbonate,  KgCO,        =  K^O  COo 
Thiocarbonate,  K2CS3  =K2S.CS2" 
Arseniate,  K3ASO4  =l(3K„O.AsO,r,) 
Thioarseniate,  K^AsS^  =|(3K2S.AsS55) . 
Antimoniate,        2K3Sb04  =  3K20,Sb20g 
Thioantimoniate,  2K3SbS.j  =  3X28,81328^,. 
Selenide  s. — These  compounds  are  analogous  in  composition  and 
in  many  of  their  properties,  to  the  sulphides,  and  unite  one  with  the 
other,  forming  selenio-salts  analogous  to  the  oxygen  and  sulphur  salts. 

T  e  11  u  r  i  d  e  s  are  analogous  in  composition  and  properties  to  the 
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sulphides  and  selenides,  but  they  likewise  exhibit  some  of  the 
characters  of  metallic  alloys. 

Carbides. — These  compounds  are  formed  by  direct  union  of  metals 
with  carbon  or  by  heating  their  oxides  with  excess  of  carbon  to  the 
high  temperature  of  the  electric  arc.  Gold,  bismuth,  lead,  and  tin 
do  not  combine  with  carbon,  and  fused  copper  takes  up  only  a  minute 
quantity.  Silver  at  its  boiling  point  combines  with  a  little  carbon, 
which  is,  however,  deposited  on  cooling  in  the  form  of  graphite. 
Iron  also  dissolves  carbon,  some  of  which  separates  on  cooling  in  the 
form  of  graphite  or  when  under  great  pressure  in  the  form  of 
diamond  :  a  portion  of  the  carbon  remains  combined  in  the  form  of 
a  white  hard  crystalline  alloy  (see  Cast  Iron).  Most  of  the  other 
elements  yield  definite  crystalline  carbides  wliich,  by  contact  with 
water,  are  decomposed,  yielding  an  oxide  of  the  metal  and  a  hydro- 
carbon. Calcium  carbide  is  now  manufactured  on  a  somewhat  large 
scale  for  the  production  of  acetylene. 

Metals  also  form  definite  compounds  with  nitrogen,  phosphorus,  sili- 
con, and  boron,  but  these  compounds  are  comparatively  unimportant. 

Fusibility  of  Metallic  Salts. 

Experiment. — The  following  is  a  convenient  method  for  determin- 
ing the  melting  points  of  bodies  which  fuse  at  moderate  temperatures. 
A  glass  tube  is  drawn  out  until  its  sides  become  very  tbin  and  its 
bore  nearly  capillary,  and  a  small  quantity  of  the  substance  under 
investigation  is  introduced.  The  tube  is  then  sealed  at  the  bottom 
and  placed  in  a  glass  vessel  containing  water  (or  paraffin  or  sulphuric 
acid  if  the  substance  melts  above  100°),  and  standing  on  a  small 
sand-bath  by  which  the  temperature  can  be  slowly  raised.  The 
liquid  is  heated  till  the  substance  melts,  then  allowed  to  cool  slowly 
to  the  solidifying  point,  and  again  warmed,  these  observations  being 
repeated,  and  the  temperatures  of  liquefaction  and  solidification 
being  each  time  noted,  until  several  nearly  concordant  results  have 
been  obtained.  The  mean  of  all  these  is  taken  as  the  true  melting 
point  of  the  substance. 

For  determining  the  melting  points  of  bodies  which  melt  at  higher 
temperatures,  sucTi  as  metallic  salts,  a  method  has  been  given  by 
Carnelley,  deiiending  on  the  following  principle  :  When  a  small 
quantity  of  a  salt  is  placed  in  a  weighed  platinum  crucible  suspended 
in  the  flame  of  a  Bunsen  burner  or  a  blow-pipe,  and  the  crucible,  at 
the  instant  wlicn  the  salt  fuses,  is  dropped  into  a  known  weight  of 
Avater  of  known  temperature,  the  rise  in  temperature  of  the  water 
being  then  noted,  the  temperature  at  wliich  the  fusion  occurred 
may  be  found  from  the  equation — 

T_^^(W-FuOr(<>-0 
Ms  ' 

in  which  W  denotes  the  weight  of  water  in  the  calorimeter  ;  w  the 
thermal  value  of  the  calorimeter  -f  mercury  and  glass  of  thermometer 
in  grams  of  water  ;  M  the  weight  of  the  crucible  ;  r  the  specific  heat 
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of  water  ;  s  the  specific  heat  of  platinum  (from  0°  to  T)  ;  t  the  initial, 
and  ^  the  final  temperature  of  the  water.  ' 

The  following  table  exhibits  the  melting  points  of  all  important 
metallic  salts  of  inorganic  acids,  which  have  been  carefully  deter- 
mined. The  former  portion  of  the  list  includes  those  which  have 
been  directly  observed  by  the  thermometer,  the  latter  those  which 
have  been  estimated  by  the  calorimetric  method. 

Observed  by  the  Thermometer. 


Name  of  Salt. 


Arsenic  tri-iodide, 
Boric  acid,  , 
Silver  nitrate, 
Mercuric  bromide, 
Lithium  nitrate,  . 
Thallium  carbonate, 
Mercuric  chloride, 
Sodium  chlorate,  . 
Sodium  nitrate,  . 
Potassium  nitrate, 
Potassium  chlorate, 


FoiTOula. 


Melting  Point. 
Centigrade. 


Aslg 
H3BO3 

AgNOg 

HgBro 

LiNO; 

TUCO3 

HgCl^ 

NaClOg 

NaNOg 

KNO3 

KCIO3 


146 
184 
218 
244 
264 
272 
288 
302 
319 
339 
359 


Estvmated  by  the  Calorimetric  Method. 


Name  of  Salt. 


Lead  iodide, 
Zinc  bromide, 
Cadmium  iodide,  . 
Barium  chlorate,  . 
Silver  bromide, 
Thallium  chloride, 
Cuprous  chloride, . 
Thallium  iodide,  . 
Lithium  iodide, 
Zinc  iodide,  . 
Silver  chloride. 
Thallium  bromide, 
Silver  metaphosphate, 
Cupric  chloride,  . 
Lead  chloride, 
Lead  bromide, 
Strontium  iodide, . 
Cadmium  fluoride. 
Silver  iodide. 
Cadmium  chloride. 
Lithium  bromide, . 
Calcium  nitrate,  . 
Borax  (nnhydrons), 


Formula. 


Pbia 

ZnBra 

Cdig 

Ba(C103)„ 

AgBr 

TlCl 

CU2CI2 

Tll 

Li  I 

Znia 

AgCl 

TlBr 

AgPOg 

CuCL 

PbCla 

PbBr^ 

Srl„ 

CdFg 

Agl 

CdCU 

LiBr" 

Ca(N0,)2 

NaaB^Oy 


Melting  Point. 
Centigrade. 


383 
394 
404 
414 
427 
427 
434 
439 
446 
446 
451 
458 
482 
498 
498 
499 
507 
520 
527 
541 
547 
561 
561 
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Estimated  hy  the  Calorimetric  Method — continued. 


Sodium  metavanadate, 
Thallium  vanadate, 
Cadmium  bromide, 
Barium  nitrate,  . 
Silver  iiyropliosphate. 
Lithium  chloride, 
Cuprous  iodide,  . 
Sodium  metaphosphate 
Sodium  iodide, 
Sti'ontium  bromide, 
Cadmium  iodide,  . 
Thallium  sulphate, 
Potassium  iodide, . 
Rubidium  iodide,  . 
Sti'ontium  nitrate. 
Sodium  pyrovanadate, 
Silver  sulphate,  , 
Calcium  bromide. 
Rubidium  bromide, 
liithium  carbonate, 
Magnesium  bromide, 
Potassium  bromide, 
Sodium  bromide,  . 
Magnesium  chloride. 
Rubidium  chloride, 
Calcium  chloride, 
Potassium  chloride, 
Sodium  chloride,  . 
Potassium  fluoride, 
Barium  bromide,  . 
Sodium  carbonate. 
Lithium  sulphate, 
Strontium  chloride, 
Potassium  carbonate. 
Sodium  sulphate, . 
Calcium  fluoride,  . 


NaVOj 

562 

TUVO. 

566 

CdBr, 

571 

Ba(N6.j)., 

i  593 

Ag^Pod,' 

64  *  2  7 

585 

LiCl 

i  598 

CuaL. 

601 

Na  rbg 

617 

Nal 

628 

SrBr„ 

630 

Cdio' 

631 

TloS'Oj 

632 

Kf 

634 

Rbl 

642 

SrCNQj) 

645 

Na.VJJy 

654 

654 

CaBr„ 

676 

RbBi" 

683 

LioCOg 

695 

MgBr, 

695 

KBr  ■ 

699 

NaBr 

708 

MffCI., 

708 

RbCl 

710 

CaCl., 

719 

KCl  " 

734 

NaCl 

772 

KF 

789 

BaBr, 

812 

NaoCbg 

814 

Li,S04 

818 

SrClg 

825 

KjCO, 

834 

Na„s6j 

861 

CaF„  . 

above  902 

Salts  containing  water  of  crystallisation  usually  melt  at  a  relatively 
low  temperature.    The  following  are  a  few  examples  : — 


Name. 

Formula. 

Sleltlng  Point. 

Sodium  chromate,  . 

NaoCrOjlOHjO 

23 

Calcium  chloride,  . 

CaOlo6H„0 

28 

Sodium  sulphate,  . 

Nn„SOjlOH„0 

34 

Sodium  carbonate. 

Na'COjlOHlA) 

34 

Sodium  phosphate. 

Na.;HP04l2H„0 

35 

Sodium  thiosulphate, 

Na„S2035H.,0" 

48-5 

Alum  

KA"l(S0j)„r2H.,0 

84-5 

Strontium  chloride, 

SrCr26H„0 

112 

Copper  nitrate. 

Cu(N03);3II.,0 

114-5 
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Solubility  of  Salts  in  Water. 

The  combination  of  salts  with  water  and  their  solubility  have 
ali-eady  been  referred  to  (p.  79). 

Why  some  salts  dissolve  in  water  and  others  do  not  is  a  question 
which" at  present  cannot  be  answered,  but  a  few  general  statements 
may  serve  as  i;seful  memoranda. 

Nearly  all  salts  which  unite  with  water  of  crystallisation  are  easily 
soluble  in  water,  the  only  prominent  exception  being  calcium  sul- 
phate, CaS042H20,  which  is  only  slightly  soluble. 

Normal  nitrates  are  all  soluble  in  water,  with  the  exception  of  a 
few  which  are  decomposed  by  water,  e.g.,  Bi(N03)3. 

Chlorides  are  generally  soluble,  the  chief  exceptions  being  silver 
chloride  and  mercurous  chloride,  which  are  insoluble  ;  lead  chloride, 
which  dissolves  to  a  slight  extent  only  ;  and  chlorides,  such  as  anti- 
monious  chloride,  which  are  decomposed  by  water. 

Sulphates,  with  the  exception  of  lead,  barium,  and  strontium  sul- 
phates, are  soluble.  Mercuric  and  antimonic  sulphates  are  decom- 
posed, forming  insoluble  oxysalts. 

Sulphides,  carbonates,  and  phosphates  of  all  except  the  alkali- 
metals,  are  usually  insoluble  in  water. 

The  solubility  of  a  salt  usually  increases  with  rise  of  temperature, 
and  this  is  doubtless  connected  with  the  fact  that  in  a  series  of 
salts  of  similar  constitution  the  solubility  is  directly  related  to  the 
fusibility.  Comparing  calcium  and  strontium  chlorides,  for  example, 
the  calcium  compound,  whether  hydrated  or  anhydrous,  has  the 
lower  melting  point  j  it  is  also  by  far  the  more  soluble  at  all  observed 
temperatures. 
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THE  SPECTROSCOPE  AND  SPECTRAL  ANALYSIS. 

The  light  of  the  sun  and  of  celestial  bodies  in  general,  as  well  as 
that  of  the  electric  spark  and  of  all  ordinary  flames,  is  of  a  compound 
nature.  If  a  ray  of  light  from  any  of  the  sources  mentioned  he 
admitted  into  a  dark  room  by  a  small  hole  in  a  shutter,  or  otherwise, 


upon  a  white  screen  placed  behind  the  prism.  When  solar  light  is 
employed,  the  colours  are  extremely  brilliant,  and  spread  into  an 
oblong  space  of  considerable  length. 

The  prism  being  placed  with  its  base  upwards,  as  in  the  figure,  the 
upper  part  of  this  image,  or  spectrum,  will  be  violet  and  the  lower 
red,  the  intermediate  portion,  commencing  from  the  violet,  being 
indigo,  blue,  green,  yellow,  and  orange,  all  graduating  imperceptibly 
into  each  other.  This  is  the  celebrated  experiment  of  Sir  Isaac 
Newton ;  from  it  he  drew  the  inference  that  white  light  is  com- 
posed of  seven  primitive  colours,  the  rays  of  which  are  differently 
refrangible  by  the  same  medium,  and  hence  capable  of  being  thus 
separated.  The  violet  rays  are  most  refrangible,  and  the  red  rays 
least. 

Bodies  of  the  same  mean  refractive  power  do  not  always  equally 
disperse  or  spread  out  the  differently  coloured  rays  to  the  same 
extent;  because  the  principal  yellow  or  red  rays,  for  instance,  are 
equally  refracted  by  two  prisms  of  different  materials,  it  does  not 
follow  that  the  blue  or  the  violet  will  be  similarly  afl'ected.  Hence, 
prisms  of  different  varieties  of  glass,  or  other  transparent  substances, 
give,  tmder  similar  circumstances,  very  ditferent  spectra,  both  as 
respects  the  length  of  the  image,  and  the  relative  extent  of  the 
coloured  bands. 

The  appearance  of  the  spectrum  may  also  vary  with  the  nature  of 
the  source  of  light :  the  investigation  of  these  differences,  however, 
involves  the  use  of  a  more  dehcate  apparatus.  Fig.  116  shows  the 
princiiDle  of  such  an  apparatus,  which  is  called  a  spectroscope.  Tlie 
light,  passing  through  a  fine  slit,  s,  impinges  upon  a  Hint-glass  prism, 
p,  by  whicli  it  is  clisperscd.  The  decomposed  light  emerges  from 
the  prism  in  several  directions  between  r  (red  rays)  and  v  (violet 
rays) ;  and  the  spectrum  thus  produced  is  observed  by  the  telescope, 


Pig.  115. 


and  suflfered  to  fall  upon 
a  glass  prism,  in  the 
manner  shown  in  fig. 
115,  it  will  not  only 
be  refracted    from  its 


straight  course,  but  will 
be  decomposed  into  a 
number  of  coloured  rays, 
which  may  be  received 
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t,  which  receives  only  part  of  it  at  once  ;  hut  the  several  parts  may 
be  readily  examined  by  turning  slightly  either  the  prism  or  the 
telescope. 

If  the  solar  spectrum  be  examined  in  this  manner,  numerous  dark 
lines  parallel  with  the  edge  of  the  prism  are  observed.  They  were 
discovered  in  1802  by  Wollaston,  and  subsequently  more  minutely 

Fig.  116. 


investigated  by  Fraunhofer.  They  are  generally  known  as  Fraun- 
hofer's  lines.  These  dark  lines,  which  exist  in  great  numbers,  and 
of  very  varying  strength,  are  irregularly  distributed  over  the  whole 
spectrum.  Some  of  them,  in  consequence  of  their  peculiar  strength 
and  their  relative  positions,  may  always  be  easily  recognised.  Fig. 
117  shows  the  relative  positions  of  the  more  conspicuous  lines  on  a 
scale  divided  into  170  equal  parts  (see  also  the  frontispiece  to  this 
volume).  The  same  dark  lines,  though  paler,  and  much  more  diffi- 
cult to  recognise,  are  observed  in  the  spectrum  of  planets  lighted  by 

Fig.  117. 
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the  sun  ;  for  instance,  in  the  light  emanating  from  Venus.  On  the 
other  hand,  the  dark  lines  observed  in  the  spectra  which  are  pro- 
duced by  the  light  emanating  from  fixed  stars — from  Sirius,  for 
instance — differ  in  position  from  those  previously  mentioned. 

Sources  of  light  which  contain  no  volatile  constituents — incan- 
descent platinum  wire,  for  example — furnish  continuous  spectra, 
exhibiting  no  such  lines.  But  if  volatile  substances  be  present  in 
the  source  of  light,  bright  lines  are  observed  in  the  sjiectrum,  which 
are  frequently  characteristic  of  the  volatile  substances. 

The  spectra  which  are  produced  by  the  light  developed  by  the 
electric  discharge  in  very  rarefied  gases,  consist  of  bright  lines  and 
dark  spaces  between  the  lines,  varying  considerably  with  different 
gases.  When  an  electric  discharge  occurs  in  a  mixture  of  two  gases, 
the  spectrum  thus  obtained  exhibits  simultaneously  the  peculiar 
spectra  belonging  to  the  two  gases  of  which  the  mixture  consists. 
When  the  experiment  is  made  in  gaseous  compounds  capable  of 
being  decomposed  by  the  electric  discharge,  this  dccomijosition  is 
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iudicated  by  the  spectra  of  the  separated  constituents  becoming 
perceptible. 

Many  years  ago  the  spectra  of  coloured  flames  were  examined  by 
Sir  John  Herschel,  Fox  Talbot,  and  W.  A.  Miller.  The  modem 
form  of  spectroscope,  however,  was  introduced  by  Kirchhoff  and 
Bunsen,  who  investigated  the  spectra  furnished  by  the  incandescence 
of  volatile  substances  ;  these  researches  have  enriched  chemistry  with 
the  method  of  analysis  by  sj)ectrum  observations.  In  order  to 
recognise  one  of  the  metals  of  the  alkalis  or  of  the  alkaline 
earths,  it  is  generally  sufficient  to  introduce  a  minute  quantity 
of  a  moderately  volatile  compound  of  the  metal,  on  the  loop  of 
a  platinum  wire,  into  the  edge  of  the  very  hot,  but  scarcely 
luminous  Bunsen  flame,  and  to  examine  the  spectrum  which  is 
furnished  by  the  flame  containing  the  vapour  of  the  metal  or  its 


rig.  118. 


compound.  Fig.  118  exhibits  the  appai'atus  which  is  used  in  per- 
forming experiments  of  this  description.  The  light  of  the  flame  in 
which  the  metallic  compound  is  evaporated  passes  through  the  fine 
slit  in  the  disc,  into  a  tube  the  ojDposite  end  of  which  is  provided 
with  a  convex  Ictis.  This  lens  collects  the  rays  diverging  from  the 
slit,  and  throws  them  parallel  upon  the  prism.  The  light  is 
decomposed  by  the  prism,  and  the  spectrum  thus  obtained  is 
observed  by  means  of  the  telescope,  which  may  be  turned  round  the 
axis  of  the  stand  carrying  the  prism.  Foreign  light  is  excluded  by 
a  dark  cloth  thrown  over  the  prism.   Arrangements  can  also  be 
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made  for  sending  the  light  from  different  sources  through  the 
same  prism  at  different  heights,  whereby  their  spectra,  the  solar 
sjjectrum,  for  instance,  and  that  of  a  flame,  may  be  placed  in  a 
parallel  position,  the  one  above  the  other,  and  thus  be  compared. 

The  spectra  of  flames  in  which  different  substances  are  volatilised 
frequently  exhibit  such  characteristically  distinct  phenomena,  that 
they  may  be  used  with  the  greatest  advantage  for  the  discrimination 
of  these  substances.  Thus  the  spectrum  of  a  flame  containing  sodium 
exhibits  a  bright  line  in  the  yellow  portion,  the  spectrum  of 
potassium  a  characteristic  bright  line  at  the  extreme  limit  of 
the  red,  and  another  at  the  opposite  violet  limit  of  the  spectrum. 
Litliium  shows  a  brilliant  line  in  the  red,  and  a  paler  line  in 
the  yellow  portion  ;  strontium  a  bright  line  in  the  blue,  one  in 
the  orange,  and  six  less  distinct  ones  in  the  red  j^ortion  of  the 
spectrum.  The  frontispiece  exhibits  the  most  remarkable  of  the 
dark  lines  of  the  solar  spectrum  (Fraunhofer's  lines),  and  the  position 
of  the  bright  lines  in  the  spectra  of  flames  containing  the  vapours  of 
compounds  of  the  metals  of  the  alkalis  and  alkaline  earths,  also  of 
the  metals  thallium  and  indium. 

The  delicacy  of  these  spectral  reactions  is  very  considerable,  but 

unequal  in  the  case  of  different  metals.    The  presence  of  „^  , 

^  200,000,000 

grain  of  sodium  in  the  flame  is  still  easily  recognisable  by  the  bright 
yellow  line  in  the  spectrum.  Lithium,  when  introduced  in  the  form 
of  a  volatile  compound,  imparts  to  the  flame  a  red  colour  ;  but  this 
coloration  is  no  longer  perceptible  when  a  volatile  sodium  compound 
is  simultaneously  jpresent,  the  yellow  coloration  of  the  flame  pre- 
dominating under  such  circumstances.  But  when  a  mixture  of  one 
part  of  lithium  and  1000  parts  of  sodium  is  volatilised  in  a  flame, 
the  spectrum  of  the  flame  exhibits,  together  with  the  bright  yellow 
sodium  line,  the  red  line  characteristic  of  lithium.  The  observation 
of  bright  lines  not  belonging  to  any  of  the  previously  known  bodies 
has  led  to  the  discovery  of  new  elements.  Thus,  Bunsen  and 
Kirchhoff,  when  examining  the  spectrum  of  the  flame  in  which  a 
mixture  of  alkaline  salts  was  evaporated,  observed  some  bright  lines, 
which  could  not  be  attributed  to  any  of  the  known  elements,  and 
were  thus  led  to  the  discovery  of  tlie  two  metals,  caesium  and 
rubidium.  By  the  same  method,  a  new  element,  thallium,  was  dis- 
covered in  1861  by  Crookes ;  another,  called  indium,  in  1863,  by 
Reich  and  Richter  ;  a  third,  called  gallium,  in  1875,  by  Lecoq  de 
Boisbaudran  ;  several  of  the  earth-metals,  by  Cleve,  Delafontaine, 
Marignac,  and  Nilson  ;  and  in  1895  the  strange  new  gas,  helium,  was 
recognised  by  Ramsay. 

For  the  examination  of  the  bright  lines  in  the  spectra  of  metals, 
the  electric  sparlc  nuiy  be  conveniently  employed  as  a  source  of  light. 
Small  quantities  of  the  metal  are  invariably  volatilised  ;  and  the 
spectrum  developed  by  the  electric  light  exhibits  the  bright  lines 
characteristic  of  the  metal  employed.  These  lines  were  observed  by 
Wheatstone  as  early  as  1835,    This  method  of  investigation  is  more 
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especially  applicable  to  the  examination  of  the  spectra  of  the  heavy 
metals.  The  spark  passes  between  two  points  of  the  metal  or  between 
a  platinum  wire  and  a  solution  of  a  compound  of  the  metal. 

Absorption  Spectra. — By  a  series  of  theoretical  considerations, 
Kirchhoff  arrived  at  the  conclusion  that  the  spectrum  of  an  in- 
candescent gas  is  reversed — i.e.,  that  the  bright  lines  become  dark 
lines — if  there  be  behind  the  incandescent  gas  a  very  luminous 
source  of  light,  which  by  itself  furnishes  a  continuous  spectrum. 
Kirchhoff  and  Buusen  fully  confirmed  this  conclusion  by  experi- 
ment. Thus  a  volatile  lithium  salt  produces,  as  just  pointed  out, 
a  very  distinct  bright  line  in  the  red  jDortion  of  the  spectrum  ;  but 
if  bright  sunlight,  or  the  light  emitted  by  a  solid  body  heated  to 
the  most  powerful  incandescence,  be  allowed  to  fall  through  the 
flame  upon  the  prisms,  the  spectrum  exhibits,  in  the  place  of  this 
bright  line,  a  black  line  similar  in  every  resiject  to  Fraimhofer's  lines 
in  the  solar  spectrum.  In  like  manner  the  bright  strontium  line  is 
reversed  into  a  dark  line.  All  the  Fraunhofer  lines  in  the  solar 
spectrum  are  believed  to  be  bright  lines  thus  reversed.  According  to 
this  conception,  the  sun  is  surrounded  by  a  luminous  atmosphere, 
containing  a  number  of  volatilised  substances,  which  would  give  rise 
in  the  spectrum  to  certain  bright  lines,  if  the  light  of  the  solar  atmos- 
phere alone  could  reach  the  prisms  ;  but  the  intense  light  of  the 
powerfully  incandescent  body  of  the  sun  which  passes  through 
the  solar  atmosphere,  causes  these  bright  lines  to  be  reversed  and 
to  appear  as  dark  lines  on  the  ordinary  solar  spectrum.  The 
chemical  constituents  of  the  solar  atmosphere  have  been  investi- 
gated by  ascertaining  the  elements  which,  when  in  the  state  of  in- 
candescent vapour,  develop  bright  spectral  lines,  coinciding  with 
Fraunhofer's  lines  in  the  solar  spectrum.  Fraunhofer's  line  D  (fig. 
117)  coincides  accurately  with  the  bright  spectral  line  of  sodium, 
and  may  be  artificially  produced  by  reversing  the  latter ;  sodium 
would  thus  appear  to  be  a  constituent  of  the  solar  atmosphere.  A 
large  number  of  bright  lines  perceptible  in  the  spectrum  of  iron 
correspond,  both  as  to  position  and  distinction,  most  exactly  with 
the  same  number  of  dark  lines  in  the  solar  spectrum,  and,  accordingly, 
iron,  in  the  state  of  vapour,  is  believed  to  be  present  in  the  solar 
atmosphere. 

The  relative  quantities  of  the  several  coloured  rays  absorbed  b)'^  a 
coloured  medium  of  given  thickness  may  be  observed  by  viewing 
through  a  prism  a  line  of  light  M'hich  has  jjassed  through  tlie  coloured 
medium  ;  the  spectrum  will  then  be  seen  to  be  diminished  in  bright- 
ness in  some  parts,  and  perhaps  cut  ofl:'  altogether  in  others.  This 
mode  of  observation  is  often  of  great  use  in  chemical  analysis,  as  many 
coloured  substances  when  thus  examined  afl'ord  very  characteristic 
spectra,  the  peculiarities  of  which  may  often  be  distinguislied,  even 
though  the  solution  of  the  substance  under  examination  contains  a 
sufficient  amount  of  coloured  impurities  to  change  its  colour  very 
considerably. 

To  observe  the  whole  progress  of  the  absorption,  different  degrees 
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of  strength  mast  be  used  in  succession,  beginning  with  a  strength 
which  does  not  render  any  part  of  the  spectrum  absolutely  black, 
unless  it  be  one  or  more  very  narrow  bands,  as  otherwise  the  most 
distinctive  features  of  the  absorption  might  be  missed.  If  the  solu- 
tion be  contained  in  a  wedge-shaj^ed  vessel  instead  of  a  test-tube,  the 
progress  of  the  absorption  may  be  watched  in  a  continuous  manner 
by  sliding  the  vessel  before  the  eye.  Some  observers  prefer  using  a 
wedge-shaped  vessel  in  combination  with  the  slit,  the  slit  being 
perpendicular  to  the  edge  of  the  wedge.  In  this  case  each  element 
of  the  slit  forms  an  elementary  spectrum  corresponding  with  a  thick- 
ness of  the  solution  which  increases  in  a  continuous  manner  from 
the  edge  of  the  wedge,  where  it  vanishes. 
Fig.  119  represents  the  effect  produced  in  this  way  by  a  solution 


Fig.  119.  rig.  120. 


of  chromic  chloride,  and  fig.  120  that  produced  by  a  solution  of 
potassium  permanganate. 

The  right  hand  side  of  these  figures  corresponds  with  the  red  end 
of  the  spectrum  ;  the  letters  refer  to  Fraunhofer's  lines.  The  lower 
part  of  each  figure  shows  the  pure  spectrum  seen  through  the  thinnest 
part  of  the  wedge  ;  and  the  progress  of  the  absorption,  as  the  thickness 
of  the  liquid  increases,  is  seen  by  the  gradual  obliteration  of  the 
spectrum  towards  the  upper  part  of  the  figures. 
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METALS  OF  THE  ALKALIS. 

This  group  includes  five  metals,  viz.,  potassium,  sodium, 
rubidium,  c  se  s  i  u  m,  and  lithium.  They  are  soft,  easily 
fusible,  volatile  at  higher  temperatures  ;  combine  very  energetically 
with  oxygen  ;  decompose  water  at  all  temperatures  ;  and  form  strongly 
basic  oxides,  which  are  very  soluble  in  water,  yielding  powerfully 
caustic  and  alkaline  hydroxides,  not  decomposable  by  heat.  Their 
carbonates,  sulphates,  phosphates,  and  sulphides  are  soluble  in 
water.  They  may  be  divided  into  two  sub-groups,  one  of  which 
includes  lithium  and  sodium,  distinguished  by  the  tendency  many  of 
their  salts  exhibit  to  unite  with  water  of  crystallisation,  and  by  the 
ready  solubility  in  water  of  their  acid  tartrates  and  platiuo-chlorides  ; 
the  other  includes  potassium,  rubidium  and  csesium,  which  are  dis- 
tinguished from  the  former  by  greater  chemical  activity  of  the  metals 
and  of  their  hydroxides,  also  by  the  insolubility  of  their  platino- 
chlorides.  The  relations  of  the  atomic  weights  are  shown  below,  and 
it  will  be  seen  that  they  form  series  comparable  with  those  of  the 
halogens,  the  sulj^hur  group  and  others. 

Atomic  Weights. 

Lithium,    ....        7  ^ 

Sodium,     ....  23   1 1±|^  =  23-0 

Potassium,  .       .       .       .  39 1-' 

Potassium,  .       .       .       .  39*1 -v 

Rubidium,  ....  85-5  ^  ^'^'^^^^^  =  86-0 

Csesium,     .       .       .       .  133  ^ 

The  hypothetical  radicle  ammonium  is  usually  added  to  the  list 
of  alkali-metals,  on  account  of  the  general  similarity  of  its  compounds 
to  those  of  potassium  and  sodium. 

POTASSIUM. 

Symbol  K  (Kalium).    Atomic  weight,  39. 

Potassium  was  discovered  in  1807  by  Sir  H.  Davy,  who  obtained 
it  in  very  small  quantity  by  exposin"  a  piece  of  moistened  potassium 
hydroxide  to  the  action  of  a  powerful  voltaic  battery,  the  alkali  being 
placed  between  a  pair  of  platinum  plates  connected  with  tiie  apparatus. 
Processes  have  since  been  devised  for  obtaining  this  met^^l  in  almost 
any  quantity  that  can  be  desired. 
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Au  intimate  mixture  of  dry  potassium  carbonate  and  charcoal  is 
prepared  by  calcining,  in  a  covered  iron  pot,  the  crude  tartar  of  com- 
merce ;  when  cold  it  is  rubbed  to  powder,  mixed  with  one-tenth  part 
of  charcoal  in  small  lumps,  and  quickly  transferred  to  an  iron  retort ; 
the  latter  may  be  one  of  the  iron  bottles  in  which  mercury  is 
imported.  The  retort  is  introduced  into  a  furnace  a  (fig.  121),  and 
placed  horizontally  on  supports  of  fire-brick,//.  A  wrought-iron 
tube  d,  4  inches  long,  serves  to  convey  the  vajpours  of  potassium  into 
a  receiver  e,  formed  of  two  pieces  of  sheet  iron  a  h  (fig.  122),  which 
are  fitted  closely  to  each  other,  so  as  to  form  a  shallow  box  only  a 
quarter  of  an  inch  deep,  and  are  kept  together  by  clamp  screws. 
The  receiver  is  open  at  both  ends,  the  socket  fitting  upon  the  neck 
of  the  iron  bottle.  The  object  of  giving  the  receiver  this  flattened 
form  is  to  insure  the  rapid  cooling  of  the  potassium,  and  thus  to 
withdraw  it  from  the  action  of  the  carbon  monoxide,  which  is  dis- 
engaged during  the  en'  ire  process,  and  has  a  strong  tendency  to  unite 
with  the  potassium,  forming  a  dangerously  explosive  compound. 
Before  connecting  the  receiver  with  the  tube  d,  the  iron  bottle  is 
heated  to  dull  redness.  The  temperature  is  then  raised  to  a  full 
reddish-white  heat,  when  vapours  of  potassium  begin  to  appear  and 
burn  with  a  bright  flame.  The  receiver  is  then  adjusted  to  the 
end  of  the  tube,  which  must  not  project  more  than  a  quarter  of  an 
inch  through  the  iron  plate  forming  the  front  wall  of  the  furnace  ; 
otherwise  the  tube  is  liable  to  be  obstructed  by  the  accumulation  of 
solid  potassium,  or  of  the  explosive  compound  above  mentioned. 
Should  any  obstruction  occiir,  it  must  be  removed  by  thrusting  in  an 
iron  bar,  and,  if  this  fail,  the  fire  must  be  immediately  withdrawn 
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The  receiver  is  kept  cool  by  the  application  of  a  wet  cloth  to  its  out- 
side. When  the  operation  is  complete,  the  receiver  with  the  potassium 
IS  removed  and  immediately  plunged  into  a  vessel  of  rectified 
petroleum  provided  with  a  cover,  and  kept  cool  by  immersion  in 
water  When  the  apparatus  is  sullicicntly  cooled,  the  potassium  is 
detached  and  preserved  under  petroleum. 
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Tlie  chief  reaction  whicli  occurs  is  as  follows  : 

K2CO3  +  20  =  K2  +  3C0. 

The  yield  of  metal  is,  however,  much  less  than  the  amount  calcu- 
lated from  this  equation.  Potassium  is  now  obtained  by  the 
improved  process  which  will  be  described  in  connection  with  sodium 
in  which  the  alkaline  hydroxide  is  employed  as  the  material  and 
hydrogen,  not  carbonic  oxide,  is  the  gas  evolved. 

If  the  potassium  be  wanted  absolutely  pure,  it  must  be  afterwards 
re-distilled  in  an  iron  retort,  into  which  some  petroleum  has  been 
put,  that  its  vapour  may  expel  the  air,  and  prevent  oxidation  of  the 
metal. 

Potassium  is  a  brillant  white  metal,  with  a  high  degree  of  lustre  ; 
at  the  common  temperature  of  the  air  it  is  soft,  and  may  be  easily 
cut  with  a  knife,  but  at  0°  it  is  brittle  and  crystalline.  It  melts 
completely  at  62'5°,  and  distils  at  a  low  red  heat.  It  floats  on  water, 
its  density  being  only  0'865. 

Exposed  to  the  air,  potassium  oxidises  instantly,  a  tarnish  covering 
the  surface  of  the  metal,  which  quickly  thickens  to  a  crust  of  caustic 
potash.  Thrown  upon  water,  it  takes  fire  spontaneously,  and  burns 
with  a  beautiful  purple  flame,  yielding  an  alkaline  solution. 

Experiment. — Throw  into  a  dish  of  cold  water  a  small  piece  of 
potassium  (about  one-fourth  the  size  of  a  pea).  Observe  that  the 
metal  floats  upon  the  surface  of  the  water ;  the  hydrogen  which 
escapes  becomes  immediately  ignited  and  burns  with  a  purple  flame. 
The  action  may  be  watched  closely  if  the  dish  be  covered  with  a 
sheet  of  glass,  otherwise  there  is  danger  to  the  face  from  the  sputter- 
ing which  occurs  at  the  end  of  the  action.  Dip  red  litmus  paper 
into  the  solution,  and  observe  that  its  colour  changes  to  blue,  show- 
ing the  alkalinity  of  the  resulting  hydroxide,  K  HO. 

Potassium  Chloride,  KCl,  occurs  in  sea- water  and  in  many 
mineral  springs,  and  is  the  chief  constituent  of  the  "  potash -salt "  of 
Stassfurt  near  Magdeburg,  which  forms  a  layer  80  to  100  feet 
thick,  lying  above  the  rock-salt,  and  consists  mainly  of  carnallite, 
KCl,MgCl2-l-6H20,  and  kieserite,  MgS04-fH20,  interspersed  with 
veins  of  sylvine  KCl,  and  several  calcium  and  magnesium  salts. 
All  these  minerals  are  very  deliquescent,  and  the  entire  deposit 
appears  to  have  been  formed  by  the  drying  up  of  an  inland  sea  or 
salt-water  lake.    Similar  beds  occur  at  Kalusz  in  Galicia. 

The  preparation  of  potassium  chloride  from  the  "potash-salt" 
depends  upon  the  fact  that  carnallite  forms  only  in  solutions  contain- 
ing excess  of  magnesium  chloride,  so  that  when  the  salt  is  dissolved 
in  hot  water,  and  the  solution  is  left  to  cool,  no  double  salt  separates, 
but  the  more  soluble  chloride  of  magnesium  remains  in  solution, 
while  part  of  the  potassium  chloride  crystallises  out.  The  motlier- 
lifj^uors  are  then  further  treated  for  the  recovery  of  the  remaining 
quantity. 

The  "  potash-salt "  is  first  dissolved  in  cold  water ;  the  solution  is 
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heated  by  a  steam-pipe  conveying  steam  at  120",  arid  continually 
stirred  by  revolving  arms,  to  facilitate  solution ;  and  the  liquid, 
after  standing  for  ten  hours,  is  decanted  from  the  insoluble  matter. 
The  clear  solution  is  completely  saturated  with  the  chlorides 
of  potassium  and  magnesium,  and  contains  also  small  quantities 
of  sodium  chloride  and  magnesium  sulphate.  It  is  transferred  to  a 
series  of  crystallising  vessels  in  which  crystals  are  deposited  contain- 
ing from  60  to  70  per  cent,  of  potassium  chloride,  a  chnrge  of  20,000 
kilograms  of  "  potash-salt "  yielding  from  16,000  to  17,000  kilograms 
of  this  impure  chloride  of  potassium.  The  crystals  are  washed 
with  water  to  remove  the  adhering  mother-liquor  and  the  mag- 
nesium chloride,  after  which  they  contain  80  per  cent,  of  potassium 
chloride. 

Potassium  chloride  is  obtained  in  like  manner  from  the  mother- 
liquor  of  sea  water  and  from  certain  mineral  springs.  In  the  salines 
on  the  west  and  south  coasts  of  France,  the  mother-liquors  remaining 
after  the  common  salt  has  been  deposited  are  preserved  in  reservoirs 
during  the  summer,  when-  a  mixture  of  magnesium  sulphate  and 
common  salt  separates  out.  The  mother-liquor  from  this  is  evapo- 
rated in  shallow  pans,  and  thus  converted  into  carnallite,  which  is 
worked  up  as  above  described. 

Potassium  chloride  closely  resembles  common  salt  in  appearance, 
and  crystallises  like  the  latter,  in  cubes.  The  crystals  dissolve  in 
three  parts  of  cold,  and  in  a  much  smaller  quantity  of  boiling  water  ; 
they  are  anhydrous,  have  a  simple  saline  taste,  with  slight  bitterness 
and  fuse  at  a  red  heat.  Potassium  chloride  is  volatilised  by  a  very 
high  temperature. 

Potassium  chloride  is  used  for  the  preparation  of  other  potassium 
salts,  as  the  nitrate,  chlorate,  carbonate,  and  chromate,  and  of  potash- 
alum.  The  impure  salt  is  employed  in  the  composition  of  artificial 
manures. 

Potassium  Iodide,  KI. — When  iodine  is  added  to  a  strong  solu- 
tion of  caustic  potash  free  from  carbonate,  it  is  dissolved  in  large 
quantity,  forming  a  colourless  solution  containing  potassium  iodide 
and  iodate  : 

6KH0  +  3I2  =  5KI  4-  KIO3  +  3H2O. 

The  reaction  is  the  same  as  in  the  analogous  case  with  chlorine. 
When  the  solution  begins  to  be  permanently  coloured  by  the  iodine, 
it  is  evaporated  to  dryness,  and  the  residue  heated  to  redness,  by 
which  the  iodate  is  entirely  converted  into  iodide.  The  mass  is  then 
dissolved  in  water,  and,  after  filtration,  made  to  crystallise. 

Experiment.— ?o\\v  into  an  evaporating  dish  half  a  jjint  of  ordinary 
5  per  cent,  solution  of  potash,  place  tlie  dish  over  a  rose-burner  and 
heat  it ;  add  iodine  in  small  doses  till  the  liquid  acquires  a  permanent 
yellow  colour,  then  boil  tlie  whole  rapidly  to  dryness.  Grind  the 
dry  salts  in  a  mortar  with  a  little  charcoal,  put  the  mixture  into  a 
crucible,  and  heat  to  low  redness.    Let  the  mass  cool,  dissolve  it  in 
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water,  filler  the  solution,  and  evaporate  it  to  a  small  tulk.  Then 
leave  it  to  crystallise. 

Potassium  iodide  crystallises  in  cubes,  which  are  often,  from  some 
unexplained  cause,  milk-white  and  opaque.  It  is  anhydrous,  melts 
readily  when  heated,  at  639°  according  to  Carnelley,  and  volatilises 
at  higher  temperatures.  The  salt  is  very  soluble  in  water,  but  when 
pure  does  not  deliquesce  in  a  moderately  dry  atmosphere  :  it  is  dis- 
solved by  alcohol. 

Solution  of  potassium  iodide,  like  the  solutions  of  all  the  soluble 
iodides,  dissolves  a  large  quantity  of  free  iodine,  forming  a  deep- 
brown  liquid,  not  decomposed  by  water. 

Potassium  Bromide,  KBr,  may  be  obtained  by  processes  exactly 
similar  to  those  just  described,  substituting  bromine  for  the  iodine. 
It  is  a  colourless  and  very  soluble  salt,  quite  indistinguishable  in 
appearance  and  general  characters  i'rom  the  iodide. 

Potassium  Oxides. — Potassium  forms  three  oxides,  K20,K202, 
and  K2O4,  also  a  hydroxide,  KHO,  corresponding  with  the  monoxide. 

The  monoxide,  K.fi,  also  called  anhydrous  potash,  or  potassa,  is 
formed  when  potassium  in  thin  slices  is  exposed  at  ordinary  temper- 
atures to  dry  air  free  from  carbon  dioxide. 

It  is  white,  very  deliquescent  and  caiistic,  combines  energeticallj'' 
with  water,  forming  potassium  hydroxide,  and  becomes  incandescent 
when  moistened  with  it ;  melts  at  a  red  heat,  and  volatilises  at  very 
high  temperatures. 

K— 0— 0 

The  Tetroxide,  K2O4,  or  |  ?,  is  produced  when  potassium 

is  burnt  in  excess  of  dry  air  or  oxygen  gas.  It  is  a  chrome-yellow 
powder  which  cakes  together  at  about  280°.  It  absorbs  moisture 
rapidly,  and  is  decomposed  by  water,  giving  off  oxygen,  and  forming 
a  solution  of  the  dioxide.  When  gently  heated  in  a  stream  of  carbon 
monoxide,  it  yields  potassium  carbonate  and  two  atoms  of  oxygen, 

K2O4  4-  CO  =  K2CO3  +  O2; 

with  carbon  dioxide  it  acts  in  a  similar  manner,  giving  off  three  atoms 
of  oxygen. — (Har court,  Chem.  Soc.  Jour.,  1861,  p.  267.) 

Potassium  Hydroxide,  KHO,  commonly  called  caustic  potash,  or 
potassa,  is  a  very  important  substance,  and  one  of  great  practical 
utility.  It  is  always  prepared  by  decomposing  the  carbonate  with 
calcium  hydroxide  (slaked  lime). 

Experiment. — 10  parts  of  potassium  carbonate  are  dissolved  in  100 
parts  of  water,  and  heated  to  ebullition  in  a  clean  untinned  iron,  or, 
still  better,  silver  vessel ;  8  parts  of  good  quicklime  are  meanwhile 
slaked,  and  the  resulting  calcium  hydroxide  is  added,  little  by  little, 
to  the  boiling  solution  of  carbonate,  with  frequent  stirring.  When 
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all  the  lime  has  been  introduced,  the  mixture  is  boiled  for  a  few 
minutes,  then  removed  from  the  fire  and  covered  up.  In  a  very 
short  time  the  solution  will  have  become  quite  clear,  and  fit  for 
decantation,  the  calcium  carbonate,  with  the  excess  of  hydrate, 
settling  down  as  a  heavy,  sandy  precipitate.  The  solution  should 
not  effervesce  with  acids. 

It  is  essential  in  this  process  that  the  solution  of  potassium  car- 
bonate be  dilute,  otherwise  the  decomposition  becomes  imperfect. 
The  proportion  of  lime  recommended  is  much  greater  than  that 
required  by  theory,  but  it  is  necessary  to  have  an  excess. 

The  solution  of  potassium  hydroxide  may  be  concentrated  by 
quick  evaporation  in  the  iron  or  silver  vessel  to  any  desired  extent : 
when  heated  until  vapour  of  water  is  no  longer  given  off,  and  then 
left  to  cool,  it  yields  the  solid  hydroxide,  KHO.  Pure  potassium 
hydroxide  is  also  easily  obtained  by  heating  to  redness  for  half 
an  hour  in  a  covered  copper  vessel,  one  part  of  pure  powdered  nitre 
with  two  or  three  parts  of  finely-divided  copper  foil.  The  mass, 
when  cold,  is  treated  with  water. 

Potassium  hydroxide  is  a  white  solid  substance,  very  deliquescent, 
and  soluble  in  water  ;  alcohol  also  dissolves  it  freely,  which  is  the 
case  with  comparatively  few  potassium  compounds  :  the  solid  hy- 
droxide of  commerce,  which  is  very  imj)ure,  may  thus  be  purified. 
The  solution  of  this  substance  possesses,  in  the  very  highest  degree, 
the  properties  termed  alkaline  :  it  restores  the  blue  colour  to  litmus 
which  has  been  reddened  by  an  acid  ;  neutralises  completely  the 
most  powerful  acids  :  has  a  nauseous  and  peculiar  taste  ;  dissolves 
the  skin,  and  many  other  organic  matters,  and  is  sometimes  used  by 
surgeons  as  a  cautery.  Its  chief  use,  however,  is  for  the  manufacture 
of  soft  soap. 

Potassium  hydroxide,  both  in  the  solid  state  and  in  solution, 
rapidly  absorbs  carbon  dioxide  from  the  air  :  hence  it  must  be  kept 
in  closely  stopped  bottles.  "When  imperfectly  prepared,  or  partially 
altered  by  exposure,  it  effervesces  with  an  acid.  It  is  not  decomposed 
by  heat,  but  volatilises  undecomposed  at  a  very  high  temperature. 

The  following  table  of  the  densities  and  value  in  potassium  hy- 
droxide of  different  solutions  of  caustic  potash  has  been  calculated 
by  Gerlach  from  the  experiments  of  Tunnermann  and  Schiff : — 

Density. 
1-411 
1-475 
1-539 
1-604 
1-667 
1-729 
1-790 


K'/itor  potasscB  of  the  pharmacopoeia  contains  about  5  per  cent 
KOH,  and  has  a  density  1-058. 


KOH 
per  cent. 

1 

5 
10 
15 
20 
25 
30 
35 


Density. 
1-009 
1-041 
1-083 
1-128 
1-177 
1-230 
1-288 
1-349 


KOH 
per  cent. 
40 
45 
50 
55 
60 
65 
70 
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Potassium  Chlorate,  KC103  =  C102(OK).— The  theory  of  the  pro- 
duction of  chloric  acid  by  the  action  of  chlorine  gas  on  a  solution  of 
caustic  potash,  has  been  already  explained  (p.  113). 

Potassium  chlorate  is  manufactured  by  passing  chlorine  gas  into 
milk  of  lime,  so  as  to  form  calcium  chloride  and  chlorate.  The 
resulting  solution,  which  has  usually  a  pink  colour,  due  to  the  forma- 
tion of  a  minute  quantity  of  a  permanganate  from  the  oxide  of 
manganese  present  in  the  lime,  is  then  mixed  with  potassium  chlo- 
ride and  evaiDorated  down.  When  sufficiently  concentrated  and 
allowed  to  cool,  the  potassium  chlorate  crystallises  out,  leaving 
calcium  chloride  with  only  a  small  quantity  of  chlorate  in  the 
liquid.    It  may  be  purified  by  one  or  two  recrystallisations. 

Potassium  chlorate  is  soluble  in  about  20  parts  of  cold'  and  2  of 
boiling  water  :  the  crystals  are  anhydrous,  flat,  and  tabular  ;  in  taste 
it  somewhat  resembles  nitre.  When  heated  it  gives  off  the  whole 
of  its  oxygen  as  gas  and  leaves  potassium  chloride.  By  arresting 
the  decomposition  when  the  evolution  of  gas  begins  to  slacken,  and 
redissolving  the  salt,  jjotassium  perchlorate  and  chloride  may  be 
obtained. 

This  salt  deflagrates  violently  with  combustible  matter,  exijlosion 
often  occurring  by  friction  or  blows.  When  about  1  grain-weight  of 
chlorate  and  an  equal  quantity  of  sulphur  are  rubbed  in  a  mortar, 
tbe  mixture  explodes  with  a  loud  report  :  lience  it  cannot  be  used 
in  the  preparation  of  gunpowder  instead  of  the  nitrate.  Potassium 
chlorate  has  been  for  many  years  a  large  article  of  commerce,  being 
employed,  together  with  phosphorus,  in  making  instantaneous-light 
matches. 

Experiments. — Boil  some  potassium  chlorate  with  about  three 
times  its  weiglit  of  water  in  a  test-tube  imtil  dissolved.  Allow  the 
solution  to  cool.  When  the  liquid  has  crystallised,  di-ain  away  the 
solution,  rinse  the  crystals  with  distiUed  water,  and  place  them  on 
filter  paper  to  dry.  Of  these  crystals  dissolve  a  little  in  distilled 
water  and  add  silver  nitrate.  No  visible  change  occurs.  Heat  the 
dried  crystals  in  a  test-tube  till  oxygen  freely  escapes,  then  when  cold, 
boil  the  mass  in  a  little  water  and  cool  the  solution.  If  strong  enough 
it  will  deposit  granular  crystals  of  potassium  perchlorate,  KCIO^.  A 
portion  of  the  liquid  tested  with  solution  of  silver  nitrate  will  now 
give  a  white,  curdy  precipitate  of  silver  chloride,  AgCl. 

Potassium  Perchlorate,  KC104  =  C103(OK).— This  salt  has  been 
already  noticed  under  the  head  of  perchloric  acid,  also  in  the  pre- 
ceding paragraph.  It  is  best  prepared  by  projecting  powdered 
potassium  chlorate  into  warm  nitric  acid,  when  the  chloric  acid  is 
resolved  into  perchloric  acid,  chlorine,  and  oxygen.  The  salt  is 
separated  from  the  nitrate  by  crystallisation.  Potassium  perchlorate 
is  a  very  slightly  soluble  salt :  it  requires  55  parts  of  cold  water,  but 
is  more  freely  taken  up  by  boiling  water.  The  crystals  are  small,  and 
have  the  figure  of  an  octahedron  with  square  base.  It  is  decomposed 
by  heat  into  oxygen  and  potassium  chloride. 
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Potassium  Bromate,  KBrO^,  is  obtained  by  passing  chlorine 
into  a  warm  solution  of  potassium  bromide  and  caustic  potash  : 
KBr+6KOH  +  3Clo  =  KBr03  +  6KCl+3H20.  The  solution  on  cool- 
ing deposits  part  of  the  bromate,  and  the  rest  may  be  separated 
by  precipitation  with  alcoliol.  It  crystallises  in  six-sided  tables  or 
prisms,  moderately  soluble  in  hot,  very  slightly  in  cold  water. 

Potassiiim  lodate,  KIO3,  is  pre^mred  by  passing  chlorine  into 
cold  water  containing  iodine  in  suspension  till  the  whole  is  dissolved, 
then  adding  the  calculated  quantity  of  potassium  chlorate  and 
warming:  ICl-f-KC103=Cl2-l-KI03.  It  forms  small  cubic  crystals, 
and  requires  a  much  stronger  heat  to  decompose  it  than  the  chlorate. 
It  unites  with  iodic  acid,  forming  the  salts  KIO3.  HIO3  and  KIO3. 
2HIO3.  Potassium  Periodate,  KIO4,  is  formed  when  chlorine  is 
passed  through  a  mixture  of  the  iodate  and  caustic  potash,  and 
separates  in  shining  crystals  isomorphous  with  the  perchlorate  (see 
Periodic  Acid,  p.  110). 

Potassium  Sulphates. — Potassium  forms  a  normal  or  neutral 
sulphate,  two  acid  sulphates,  and  an  anhydrosulphate. 

Normal  Potassium  Sulphate,  or  Bijpotassic  Sulphate,  1^2804  = 
S02(OK)2  =  K20,S03,  is  obtained  by  neutralising  with  potassium 
carbonate  the  acid  residue  left  in  the  retort  after  the  prepai'ation  of 
nitric  acid.  The  solution  yields,  on  cooling,  hard  transparent  crys- 
tals of  the  normal  sulphate,  which  may  be  redissolved  in  boiling 
water,  and  recrystallised. 

Potassium  sulphate  is  soluble  in  about  10  parts  of  cold,  and  in  a 
much  smaller  quantity  of  boiling  water  :  it  has  a  bitter  taste,  and  is 
neutral  to  test-paper.  Tlie  crystals  are  combinations  of  rhombic 
pyramids  and  prisms,  much  resembling  those  of  quartz  in  figure  and 
appearance  ;  they  are  anhydrous,  and  decrepitate  when  suddenly 
heated,  which  is  often  the  case  with  salts  containing  no  water  of 
crystallisation.    They  are  quite  insoluble  in  alcohol. 

Acid  Potassium  Sulphate,  Hydrogen  and  Potassium  Sulphate,  or 
Monopotassic  Sulphate,  KHS04  =  S02(OK)(OH),  commonly  called 
Bisulphate  of  Potash. — To  obtain  this  salt,  the  normal  sulphate  in 
powder  is  mixed  with  half  its  weight  of  oil  of  vitriol,  and  the  whole 
evaporated  to  dryness  in  a  platinum  vessel  jDlaced  under  a  chimney  : 
the  fused  salt  is  dissolved  in  hot  water  and  left  to  crystallise.  The 
crystals  have  the  figure  of  flattened  rhombic  prisms,  and  are  much 
more  soluble  than  the  normal  salt,  requiring  only  twice  their  weight 
of  water  at  15-5°,  and  less  than  half  that  quantity  at  100°.  The 
solution  has  a  sour  taste  and  strongly  acid  reaction. 

Potassium  Disulphate  or  Pyrosulphate,  K^S^O-,,  derived  from  Nord- 
hausen  sulpliuric  acid,  HjSzO-,  and  commonly  called  anhydrous 
hisulphate  of  potash,  is  obtained  by  dissolving  equal  weights  of  the 
normal  sulphate  and  oil  of  vitriol  in  a  small  quantity  of  warm 
distilled  water,  and  leaving  the  solution  to  cool. 
Tlie  pyrosulphate  crystallises  out  in  long  delicate  needles,  which 
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if  left  for  several  days  in  the  mother-liquor,  disappear,  and  give 
place  to  crystals  of  the  ordinary  acid  sulphate  above  described. 
This  salt  is  decomposed  by  a  large  quantity  of  water,  and  is  con- 
verted by  strong  fuming  sulphuric  acid  into  hydropotassic  pyrosid- 
flmte,  KHS2O-,  which  crystallises  in  transparent  prisms.  The 
normal  pyrosulphate  in  line  powder,  heated  with  an  alcoholic  solu- 
tion of  potassium  hydi'osulphide,  is  converted  into  sulphate  and 
thiosuli^hate,  with  evolution  of  hydrogen  sulphide  : 

KjSgOj  +  2KHS  =  +  K2S2O3  +  H2S. 

Potassium  Nitrate ;  Nitre;  Saltpetre,  KN03=N02(OK).— This 
important  compound  is  a  natural  product,  being  disengaged  by  a 
kind  of  efflorescence  from  the  surface  of  the  soil  in  certain  dry  and 
hot  countries.  It  is  now  known  that  the  conversion  of  the  nitrogen 
of  decomposing  organic  matters  in  the  soil  into  nitrate  is  accom- 
plished through  the  agency  of  two  micro-organisms,  one  of  which 
causes  the  oxidation  to  proceed  only  as  far  as  the  production  of 
nitrite,  the  other  effecting  the  further  oxidation  of  the  nitrite  to 
nitrate. 

The  natural  process  which  goes  on  everywhere  but  is  most  rapid 
in  warm  climates  has,  for  the  last  hundred  years,  been  imitated 
artificially  in  several  European  countries. 

In  France  and  Germany  large  quantities  of  artificial  nitre  are 
prepared  by  mixing  animal  refuse  of  all  kinds  with  old  mortar 
or  slaked  lime  and  earth,  and  placing  the  mixture  in  heaps,  pro- 
tected from  the  rain  by  a  roof,  but  freely  exposed  to  the  air.  From 
time  to  time  the  heaps  are  watered  with  putrid  urine,  and  the  mass 
is  turned  over,  to  expose  fresh  surfaces  to  the  air.  When  much  salt 
has  been  formed,  the  mixture  is  lixiviated,  and  the  solution,  w^hich 
contains  calcium  nitrate,  is  mixed  with  potassium  carbonate  ;  cal- 
cium carbonate  is  precipitated  and  potassium  nitrate  left  in  solution. 
The  filtered  solution  is  then  made  to  crystalUse,  and  the  crystals  are 
purified  by  re-solution  and  crystallisation,  the  liquid  being  stirred  to 
prevent  the  formation  of  large  crystals. 

A  large  portion  of  the  nitre  used  in  this  country  comes  from 
India  :  it  is  dissolved  in  water,  a  little  potassium  carbonate  is  added 
to  precipitate  lime,  and  then  the  salt  is  purified  as  above. 

Consideraljle  quantities  of  nitre  are  now  manufactured  by  decom- 
posing native  sodium  nitrate  (Chili  saltpetre)  with  carbonate  or 
chloride  of  potassium.  In  Belgium  the  potassium  carbonate  obtained 
from  the  ashes  of  the  beetroot  sugar  manufactories  is  largely  used 
for  this  purpose. 

Potassium  nitrate  usually  crystallises  in  anhydrous  six-sided 
prisms,  with  dihedral  summits,  belonging  to  the  rhombic  or  tri- 
inetric  system  :  it  is  soluble  in  7  parts  of  water  at  15'5°,  and  in  its 
own  weight  of  boiling  water.  Its  taste  is  saline  and  cooling,  and  it 
is  without  action  on  vegetable  coloui-s.  It  melts  at  a  temperature 
below  redness,  and  is  completely  decomposed  by  a  strong  heat. 

When  deposite4  from  hot  solutions,  potassium  nitrate  forms 
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rhonitoheclrons  isomorphous  with  tliose  of  sodium  nitrate.  These 
crystals  change  into  the  ordinary  prisms  if  broken  or  touched  with 
a  crystal  of  common  nitre. 

When  it  is  thrown  on  the  surface  of  many  metals  in  a  state  of 
fnsion,  or  mixed  with  combustible  matter  and  heated,  rapid  oxida- 
tion ensues,  at  the  expense  of  the  oxygen  of  the  salt.  Examples  of 
such  mixtures  are  found  in  common  black  gunpowder,  and  in  nearly  all 
pyrotechnic  compositions,  which  burn  in  this  manner  independently 
of  the  oxygen  of  the  air,  and  even  under  water.  Gfunpowder  is 
made  by  very  intimately  mixing  together  potassium  nitrate,  charcoal, 
and  sulphur,  in  proportions  which  approach  2  molecules  of  nitre,  3 
atoms  of  carbon,  and  1  atom  of  sulphur. 

These  quantities  give,  reckoned  to  100  parts,  and  compared  with  the 
proportions  used  in  the  manufacture  of  the  English  Government 
powder,  the  following  results  ; — 


The  nitre  is  rendered  very  pure  by  the  means  already  mentioned, 
freed  from  water  by  fusion,  and  ground  to  fine  powder  ;  the  sulphur 
and  charcoal — the  latter  being  made  from  light  wood,  as  dogwood 
or  alder — are  also  finely  ground,  after  which  the  materials  are 
weighed  out,  moistened  with  water,  and  thoroughly  mixed  by  grind- 
ing under  an  edge-mill.  The  mass  is  then  subjected  to  great  pressure, 
and  the  mill-cake  thus  produced  is  broken  in  pieces,  and  placed  in 
sieves  made  of  perforated  vellum,  moved  by  machinery,  each  con- 
taining, in  addition,  a  round  piece  of  heavy  wood.  The  grains  of 
powder  broken  off  by  attrition  fall  through  the  holes  in  the  skin, 
and  are  easily  separated  from  the  dust  by  sifting.  The  powder  is, 
lastly,  dried  by  exposure  to  steam-heat,  and  sometimes  glazed  or 
polished  by  agitation  in  a  kind  of  cask  mounted  on  an  axis. 

It  was  formerly  supposed  that  when  gunpowder  is  fired,  the  whole 
of  the  oxygen  of  the  potassium  nitrate  was  transferred  to  the  carbon, 
forming  carbon  dioxide,  the  sulj^hur  combining  with  the  potassium, 
and  the  nitrogen  being  set  free.  There  is  no  doubt  that  this  reaction 
does  take  place  to  a  considerable  extent,  and  that  the  large  volume 
of  gas  thus  produced,  and  still  further  expanded  by  the  very  high 
temperature,  sufficiently  accounts  for  the  explosive  effects.  But 
investigations  by  Eunsen,  Karolyi,  and  others  have  slioM-n  that  the 
actual  products  of  the  combustion  of  gunpowder  are  much  more 
complicated  than  this  theory  would  indicate,  a  very  large  number 
of  products  being  formed,  and  a  considerable  portion  of  tlie  oxygen 
being  transferred  to  the  potassium  sulphide,  converting  it  ["into  sul- 
phate, which  in  fact  constitutes  the  cliief  portion  of  the  solid  residue 
and  of  the  smoke  formed  by  the  explosion. 
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Experiments. — 1.  Place  in  an  evaporating  dish  half  a  pint  of  water, 
heat  over  a  lamp  till  boiling,  and  add  about  two  ounces  of  nitre  and 
an  ounce  of  common  salt.  13oil  the  solution  till  reduced  by  evapora- 
tion to  about  one-fourth,  then  remove  the  lamp,  and  carefully  pour 
off  the  still  hot  solution  into  a  smaller  dish,  leaving  the  crystalline 
deposit  of  common  salt  behind.  The  sodium  chloride  may  thus  be 
separated,  from  the  fact  that  its  solubility  in  boiling  water  is  very 
little  gi-eater  than  in  cold  water.  The  potassium  nitrate  is  deposited 
in  long  i^risms  from  the  concentrated  solution  on  cooling. 

2.  Mix,  by  grinding  in  a  mortar,  about  4  grams  of  nitre  with  1 
gram  of  charcoal.  Place  the  mixture  on  a  tile  or  iron  tray,  and 
apply  a  flame.  "When  the  deflagration  is  over,  dissolve  the  residue 
(chiefly  K.2CO3)  in  water,  and  add  an  acid.  Observe  that  carbon 
dioxide  escapes  with  effervescence. 

Potassium.  Phosphates.— The  Normal  Orthophosplmte,  K3PO4, 
formed  by  igniting  phosphoric  acid  with  excess  of  potassium  car- 
bonate, is  easily  soluble  in  water,  and  crystallises  in  small  needles. 
The  dipotassic  salt,  K2HPO4,  obtained  by  mixing  aqueous  phos- 
phoric acid  with  a  quantity  of  hydroxide  or  carbonate  of  potassium 
sufficient  to  produce  a  slight  alkaline  reaction,  and  evaporating,  is 
easily  soluble  in  water,  and  uncrystallisable.  The  nnonopotnssic  salt, 
KH2PO4,  obtained  by  using  a  slight  excess  of  phosj)horic  acid,  forms 
small  needle-shaped  crystals,  belonging  to  the  quadi-atic  system, 
easily  soluble  in  water,  insoluble  in  alcohol. 

Normal  Potassium  Pyrophosphate,  K^PjO-,  formed  by  igniting 
dipotassic  orthophosphate,  is  deliquescent,  and  separates  from 
aqueous  solution  in  fibrous  crystals  containing  BHoO.  The  acid  salt, 
KgHgPgOy,  separates  as  a  deliquescent  mass  on  adding  alcohol  to  a 
solution  of  the  normal  pyrophosphate  in  acetic  acid. 

Potassium  Monometap'hosphate,  KPO3,  obtained  by  igniting  mono- 
potassic  orthophosphate,  is  almost  insoluble  in  water.  The  dimcta- 
phosphate,  K^^0f^,11^0,  prepared  by  decomposing  the  corresponding 
copper  salt  with  potassium  sulphide,  is  soluble  in  water,  and  crj^s- 
tallisable  ;  it  is  converted  by  ignition  into  the  monometaphosphate. 

Potassium  Ai'senates, — The  normal  salt,  K3ASO4,  obtained  by 
treating  arsenic  acid  with  excess  of  potash,  is  crystalline.  The 
dipotassic  salt,  K2HASO4,  is  difficult  to  crystallise.  The  monopotassic 
salt,  KH2ASO4,  forms  large  crystals. 

Potassium  Ai-senites. — The  salt,  KAs02,H3As03,  is  obtained  as 
a  crystalline  powder  on  adding  alcohol  to  a  solution  of  arsenious 
oxide  in  the  minimum  quantity  of  potash.  This  salt,  heated 
with  solution  of  potassium  carbonate,  is  converted  into  the  7J!<;frt- 
arsenitc,  KAsOj,  and  this  latter  heated  with  caustic  potash  yields  the 
diarsenite,  K^As.f)^,  likewise  jjrecipitable  by  alcohol. 

A  solution  of  potassium  avsenite,  known  in  medicine  as  "  "Fowler's 
solution,"  is  prepared  by  boiling  1  part  arsenious  oxide  and  1  part 
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potassium  carbonate  in  distilled  -water,  and  diluting  to  100  parts  of 
solution. 

Borates.— The  metaborate,  KBO2,  obtained  by  fusing  a  mixture 
of  boric  acid  and  potassium  carbonate  in  the  requisite  proportions,  is 
slightly  soluble  in  water,  and  separates  in  small  monoclinic  crystals. 
It  has  an  alkaline  reaction,  and  absorbs  carbonic  acid  from  the  air, 
being  thereby  converted  into  the  fijrohorate  or  tetraborate^  K2B4O7 
=  K20,2B203.  This  latter,  which  is  also  formed  on  mixing  a  solu- 
tion of  boric  acid  with  a  slight  excess  of  potash,  is  easily  soluble, 
and  crystallises  in  hexagonal  prisms  containing  5H2O.  The  tri- 
borate,  2KB305,5H20,  or  KjOjSBaOajSHjO,  is  formed  on  mixing  the 
hot  solutions  of  boric  acid  (1  molecule)  and  potassium  carbonate 
(2  molecules),  and  separates  in  glittering  rhombic  crystals.  The 
pentaborate,  KB5O84H2O  or  K20,5B203,4H20,  separates  in  rhombic 
octahedrons  from  a  hot  solution  of  caustic  potash  saturated  with 
boric  acid. 

Silicates.— The  metasilicate,  K2Si03  or  K20,Si02,  is  formed  wben 
silica  is  fused  with  the  calculated  quantity  of  potassium  carbonate, 
or  Avitli  any  larger  quantity  :  for  experiment  shows  that  one  molecule 
of  silica  cannot  decompose  more  than  one  molecule  of  potassium 
carbonate,  so  that,  for  example,  the  reaction  2(K20,C02)  +  Si02 
=2K20,Si02  +  2C02;  cannot  take  place,  and  the  orthosilicate  K^SiO^ 
cannot  be  thus  formed.  The  tetrasilicate,  K.2Sific,  (Fuchs's  soluble 
glass),  is  prepared  by  fusing  45  parts  quartz,  30  potashes,  and  3 
powdered  charcoal,  boiling  the  resulting  greyish-black  glass  with 
water,  mixing  the  concentrated  solution  with  strong  alcohol,  and 
washing  the  precipitate  thereby  formed  with  a  little  cold  water. 
The  potash  water-glass  thus  obtained  is  soluble  in  water,  and  may 
be  used  for  the  same  purposes  as  soda  water-glass  (p.  359),  but  is 
now  superseded  by  the  latter. 

Potassuim  Fluodlicate  or  Silicofluoride,  "K^xYf^^  is  precipitated  on 
adding  hydrofiuosilicic  acid  to  a  soluble  potassium  salt,  as  a  semi- 
transparent  mass,  which,  after  washing  and  drying,  forms  a  fine 
white  powder,  sparingly  soluble  in  cold,  freely  in  hot  water.  By 
slow  cooling  it  may  be  obtained  in  shining  octahedrons. 

Potassium  Carbonates. — Potassium  forms  two  well-defined  car- 
bonates, namely,  a  normal  or  neutral  carbonate,  K2CO3,  and  a 
hydrogen  salt  containing  KHCO3. 

Normal  Potassium  Carbonate,  or  DijMassic  Carbonate,  K2C03  = 
CO(OK)2=K20,C02. — Potassium  salts  of  vegetable  acids  are  of  con- 
stant occurrence  in  plants,  in  tlie  economy  of  which  they  perform 
important  functions.  The  potassium  is  derived  from  the  soil,  which, 
when  capable  of  supporting  vegetable  life,  always  contains  that  sub- 
stance. When  plants  are  burned,  the  organic  acids  are  destroyed, 
and  the  potassium  is  left  in  the  state  of  carbonate.  Wood  ashes 
yield  a  considerable  proportion  of  the  potash  of  commerce. 
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The  great  natural  depository  of  the  alkali  is  the  felapar  of  granitic 
and  other  unstratified  rocks,  where  it  is  combined  with  silica,  and  in 
an  insoluble  state.  The  extraction  thence  is  attended  with  great 
difficulties,  but  the  extraction  of  jjotash  from  felspathic  rocks  is  a 
matter  of  smaller  importance  since  the  discovery  and  utilisation  of 
the  immense  deposits  of  salt  at  Stassfurt  (see  Potassium  Chloride). 
There  are,  however,  natural  processes  at  work,  by  which  potash  is 
constantly  being  eliminated  from  these  rocks.  Under  the  influence 
of  atmospheric  carbonic  acid  and  water,  the  rocks  disintegrate  into 
soils,  and  as  the  alkali  acquires  solubility,  it  is  gradually  taken  up 
by  i^lants,  and  accumulates  in  their  tissues  chiefly  in  the  form  of 
organic  salts. 

Potassium-salts  are  always  most  abundant  in  the  green  and  tender 
parts  of  plants,  as  may  be  expected,  since  from  these,  evaporation  of 
nearly  pure  water  takes  place  to  a  large  extent :  the  solid  timber  of 
forest  trees  contains  comparatively  little. 

In  preparing  the  salt  on  an  extensive  scale,  the  ashes  are  subjected 
to  a  process  called  lixiviation  :  they  are  put  into  a  large  cask  or  tun, 
having,  near  the  bottom,  an  ajperture  stopped  by  a  plug,  and  a 
quantity  of  water  is  added.  After  some  hours  the  liquid  is  drawn 
off,  and  more  water  added,  that  the  whole  of  the  soluble  matter  may 
be  removed.  The  weakest  solutions  are  poured  in  place  of  water 
upon  fresh  quantities  of  ash.  The  solutions  are  then  evaporated  to 
dryness,  and  the  residue  is  calcined,  to  remove  a  little  brown  organic 
matter  :  the  product  is  the  crude  potash  or  pearlash  of  commerce,  of 
which  very  large  quantities  are  obtained  from  Eussia  and  America. 
The  salt  is  very  impure,  containing  potassium  silicate,  sulpliate, 
chloride,  &c. 

Of  late  years,  the  native  potassic  chloride  from  the  Stassfurt  salt- 
mines has  been  largely  utilised  for  the  production  of  the  carbonate 
by  a  process  which  is  identical  with  the  Le  Blanc  or  "  black  ash " 
process  for  the  production  of  sodium  carbonate  (p.  362),  substituting 
potassium  chloride  for  sodium  chloride. 

The  purified  potassium  carbonate  of  pharmacy  is  prepared  from 
the  crude  article  by  adding  an  equal  weight  of  cold  water,  agitating 
and  filtering,  most  of  the  foreign  salts,  from  their  inferior  solubility, 
being  left  behind.  The  solution  is  then  boiled  down  to  a  very  small 
bulk,  and  left  to  cool,  when  the  carbonate  separates  in  small  crystals 
containing  2  molecules  of  water,  K2C03,2H20  ;  these  are  drained 
from  the  mother-liquor,  and  then  dried  in  a  stove. 

A  still  purer  salt  may  be  obtained  by  exposing  to  a  red  heat  purified 
cream  of  tartar  (acid  potassium  tartrate),  and  separating  the  carbonate 
by  solution  in  water  and  crystallisation,  or  evaporation  to  dryness. 

Potassium  carbonate  is  extremely  deliquescent,  and  soluble  in  less 
than  its  own  weight  of  water  ;  the  solution  is  higlily  alkaline  to  test 
paper.  It  is  insoluble  in  alcohol.  By  heat  the  water  of  cr3'^stallisa- 
tion  is  driven  ofl^  and  by  a  temperature  of  full  ignition  the  salt  is 
fused,  but  not  otlierwise  changed.  This  substance  is  largely  used  in 
the  arts,  and  is  a  compound  of  great  importance. 
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Acid  Potassium  Carbonate,  Hydrogen  and  Potassium  Carbonate,  or 
Monopotassic  Carbonate,  KHCO3 ;  commonly  called  Bicarbonate  of 
Potash.  —When  a  stream  of  carbonic  acid  ^as  is  passed  through  a  cold 
solution  of  normal  potassium  carbonate,  the  gas  is  rapidly  absorbed, 
and  a  white,  crystalline,  less  soluble  substance  separated,  which  is 
the  acid  salt.  It  is  collected,  drained,  redissolved  in  warm  water, 
and  the  solution  is  left  to  crystallise. 

Potassium  hydrogen  carbonate  is  much  less  soluble  than  the 
normal  carbonate,  requiring  4  parts  of  cold  water  to  dissolve  it.  The 
solution  is  only  slightly  alkaline  to  test-paper,  and  has  a  much  milder 
taste  than  the  normal  salt.  When  boiled  it  gives  off  carbon  dioxide. 
The  crystals,  which  are  large  and  beautiful,  derive  their  form  from 
a  monoclinic  prism  :  they  are  decomjDOsed  by  heat,  water  and  carbon 
dioxide  being  evolved,  and  normal  carbonate  left  behind  : 

2KHCO3  =  K2CO3  +  H2O  +  CO2. 

Potassium  Sulphides. — Potassium  heated  in  sulphur  vapour 
burns  with  great  brilliancy.  It  unites  with  sulphur  in  five  different 
proportions,  forming  the  comj^ounds  KjS,  KjSg,  K2^3)  -^2^4)  ^^2^6  > 
also  a  hydrosulphide  or  sulj)hydrate,  KHS. 

Monosulphide,  KjS. — It  is  doubtful  whether  this  compound  has 
been  obtained  in  the  pure  state.  It  is  commonly  said  to  be  pro- 
duced by  heating  potassium  sulphate  in  a  current  of  dry  hydrogen, 
or  by  igniting  the  same  salt  in  a  covered  vessel  with  finely  divided 
charcoal  ;  but,  according  to  Bauer,  one  of  the  higher  sulphides  is 
always  formed  at  the  same  time,  together  with  oxide  of  potassium. 
The  product  has  a  reddish-yellow  colour,  is  deliquescent,  and  acts  as 
a  caustic  on  the  skin.  When  potassium  sulphate  is  heated  in  a 
covered  crucible  with  excess  of  lamp-black,  a  mixture  of  potassium 
sulphide  and  finely  divided  carbon  is  obtained,  which  takes  fire 
spontaneously  on  coming  into  contact  with  the  air.  The  mono- 
sulphide  might  perhaps  be  obtained  pure  by  heating  1  molecule  of 
potassium  sulphydrate,  KHS,  with  1  atom  of  the  metal. 

When  sulphydric  acid  gas  is  passed  to  saturation  into  a  solution 
of  caustic  potash,  a  solution  of  the  sulphydrate  is  obtained,  which  is 
colourless  at  first,  but  if  exposed  to  the  air,  quickly  absorbs  oxygen 
and  turns  yellow,  in  consequence  of  the  formation  of  bisulphide  : 

2KHS  +  0  =  K2S2  -F  H2O. 

If  a  solution  of  potash  be  divided  into  two  parts,  one  half  satu- 
rated with  hydrogen  sulphide,  and  then  mixed  with  the  other,  a 
solution  is  formed  which  may  contain  potassium  monosulphidc  : 

KHS  -f-  KHO  =  K2S  +  H2O. 

But  it  is  also  possible  that  the  hydroxide  and  hydrosulphide  may 
mix  without  mutual  decomposition.  The  solution,  when  mixed  with 
one  of  the  stronger  acids,  gives  off  hydrogen  sulphide  witliout  depo- 
sition of  sulphur,  a  reaction  which  is  consistent  with  cither  view  of 
its  constitution. 
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The  bisulphide,  K2^2j  formed,  as  already  observed,  on  exposing 
a  solution  of  the  hydrosulphide  to  the  air  till  it  begins  to  show  tur- 
bidity. By  evaporation  in  a  vacuum,  it  is  obtained  as  an  orange- 
coloured,  easily  fusible  substance. 

The  trisidj)hicle,  K2S3)  the  tetrasulphide,  K2S4,  and  the  pentasulphide 
are  components  of  the  mixture  known  as  liver  of  sulinlmr. 

The  'pentasulphide,  KgSg,  is  formed  by  boiling  a  solution  of  any  of 
the  preceding  sulphides  with  excess  of  sulphur  till  it  is  saturated,  or 
by  fusing  eitlier  of  them  in  the  dry  state  with  sulphur.  The  excess 
of  sulphur  then  sejaarates  and  floats  above  the  dark  brown  penta- 
sulphide. 

Liver  of  sulphur,  or  hepar  sulphuris,  is  a  name  given  to  a  brownish 
substance,  sometimes  used  in  medicine,  made  hj  fusing  together 
different  proportions  of  potassium  carbonate  and  sulphur.  It  is  a 
variable  mixture  of  the  higher  sulphides  with  thiosulphate  and 
sulphate  of  potassium. 

When  equal  parts  of  sulphur  and  dry  potassium  carbonate  are 
melted  together  at  a  temperature  not  exceeding  250°,  the  decompo- 
sition of  the  salt  is  quite  complete,  and  all  the  carbon  dioxide  is  ex- 
pelled. The  fused  mass  dissolves  in  water,  with  the  exception  of  a 
little  mechanically  mixed  sulphur,  with  dark  brown  colour,  and  the 
solution  is  found  to  contain  nothing  beside  pentasulphide  and  thio- 
sulphate of  potassium  : 

3K2O  -f       =  aKaSg  +  K2S2O3. 

When  the  mixture  has  been  exposed  to  a  temperature  approaching 
that  of  ignition,  it  is  found,  on  the  contrary,  to  contain  potassium 
sulphate,  arising  from  the  decomposition  of  the  thiosulphate  which 
then  occurs  : 

4K2S2O3  =  K2S3  -1-  3K2SO4. 

From  both  these  mixtures  the  potassium  pentasulphide  may  be  ex- 
tracted by  alcohol,  in  Avhich  it  dissolves. 

AVhen  the  carbonate  is  fused  with  hnlf  its  weight  of  sulphur  only, 
the  trisulphide  is  produced,  as  above  indicated,  instead  of  the  penta- 
sulphide. 

The  efl'ects  described  happen  in  the  same  manner  when  potassium 
hydroxide  is  substituted  for  the  carbonate  ;  also,  when  a  solution  of 
the  hydroxide  is  boiled  witir  sulphur,  a  mixture  of  sulphide  and 
thiosulphate  always  results. 


Potassium-salts  are  colourless  when  not  associated  with  a  coloured 
metallic  oxide  or  acid.  They  are  all  n:ore  or  less  soluble  in  water, 
and  may  be  distinguished  by  the  following  characters  : — 

1 .  Solution  of  tartaric  acid,  added  in  excess  to  a  moderately  strong 
solution  of  a  potassium  salt,  gives,  after  some  time,  a  white  crystal- 
line precipitate  of  cream  of  tartar,  KHC4H40g ;  the  cfiect  is  greatly 
promoted  by  strong  agitation. 

2.  Solution  of  platinic  chloride,  with  a  little  liydrochloric  acid,  if 
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necessary,  gives,  under  similar  conditions,  a  crystalline  yellow  preci- 
pitate, which  is  a  double  salt  of  platinum  tetrachloride  and  potassium 
chloride,  2KCl.PtCl4.  Both  this  compound  and  cream  of  tartar  are, 
however,  soluble  in  about  110  parts  of  cold  water.  An  addition  of 
alcohol  increases  the  delicacy  of  both  tests. 

3.  Perchloric  acid,  and  Silicojluoric  acid,  added  to  a  potassium-salt, 
give  rise  to  slightly  soluble  white  precipitates. 

4.  Picric  acid,  HCbH2(N02)3,  dissolved  in  proof  spirit  when  added 
in  slight  excess  to  aqiieous  solutions  of  potassium  salts  gives  a  yellow 
crystalline  precipitate  of  potassium  picrate,  KCeH2(N02)3. 

5.  A  mixture  of  sodium  nitrite  and  cobalt  nitrate  dissolved  in 
water  and  acidified  with  acetic  acid  gives,  when  added  to  a  solution 
of  a  potassium  salt,  a  precipitate  of  cobalt  yellow  forming  slowly  in 
dilute  solutions. 

6.  Potassium  salts  usually  colour  the  outer  blow-pipe  flame  purple 
or  violet ;  this  reaction  is  clearly  perceptible  only  when  the  potas- 
sium salts  are  pure. 

7.  The  spectral  phenomena  exhibited  by  potassium  compounds 
are  mentioned  at  page  333,  and  shown  in  the  coloured  plate  facing 
the  title-page. 


SODIUM. 

Symbol,  Na  (Natrium).    Atomic  weight,  23. 

Sodium  is  a  very  abundant  element,  and  very  widely  diffused.  It 
occurs  in  large  quantities  as  chloride,  in  rock-salt,  sea-water,  salt- 
springs,  and  many  other  mineral  waters  ;  more  rarely  as  carbonate, 
borate,  and  sulphate,  in  solution,  or  in  the  solid  state,  and  as  silicate 
in  many  minerals. 

Metallic  sodium  was  obtained  by  Davy  soon  after  the  discovery  of 
potassium,  and  by  similar  means.  Gay-Lussac  and  Thenard  after- 
wards prepared  it  by  decomposing  sodium  hydroxide  with  metallic 
iron  at  a  white  heat ;  and  Brunner  showed  that  it  may  be  prepared 
with  much  greater  facility  by  distilling  a  mixture  of  sodium  car- 
bonate and  charcoal. 

The  preparation  of  sodium  by  this  last-mentioned  process  is  much 
easier  than  that  of  potassium,  not  being  complicated,  or  only  to  a 
slight  extent,  by  the  formation  of  secondary  products. 

The  distillation  is  performed,  on  the  laboratory  scale,  in  a  mercury 
bottle  heated  exactly  in  the  manner  described  for  the  preparation  of 
potassium.  For  manufacturing  operations,  the  mixture  is  introduced 
into  iron  cylinders,  which  are  heated  in  a  reverberatory  furnace,  and 
so  arranged  that,  at  the  end  of  the  distillation,  the  exhausted^,  charge 
may  be  withdrawn  and  a  fresh-charge  introduced,  without  displacing 
the  cylinders  or  putting  out  the  fire.  The  receivers  used  in  either 
case  are  the  same  in  form  and  dimensions  as  those  employed  in  the 
preparation  of  potassium. 

When  the  process  goes  on  well,  the  sodium  collected  in  the 
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receivers  is  nearly  pure  ;  it  may  be  completely  purified  by  melting 
it  under  a  thin  layer  of  petroleum.  This  liquid  is  decanted  as  soon 
as  the  sodium  becomes  perfectly  fliiid,  and  the  metal  is  run  into 
moulds  like  those  used  for  casting  lead  or  zinc. 

By  the  process  just  described  less  than  lialf  the  sodium  contained  in 
the  charge  distils  over,  and  the  method  is  now  superseded  by  a  process 

introduced  by  Mr  H.  Y.  Castner, 
which  is  based  on  the  decomposi- 
tion of  fused  caustic  soda,  by  a 
compound  or  intimate  mixture  of 
metallic  iron  and  carbon.  The 
latter  is  prepared  by  heating  per- 
oxide of  iron  (purple  ore)  in  reduc- 
ing gas,  whereby  spongy  metallic 
iron  is  obtained,  and  this  is  sub- 
sequently mixed  with  pitch  and 
coked.  The  resulting  metallic  car- 
bonide  is  mixed  with  caustic  soda 
in  a  steel  crucible,  and  the  crucible, 
after  a  preliminary  heating  of  its 
contents,  is  placed  upon  a  sujjport 
within  the  furnace,  shoM'n  in  the 
figure,  and  is  then  raised  till  its 
mouth  is  in  firm  contact  with  a 
cover  provided  with  a  tube  for 
carrying  off  the  hydrogen  and 
vapours  of  the  metal  which  are 
evolved.  The  cover  and  condensing-tube  are  fixed,  whilst  successive 
crucibles  with  their  charges  can  bo  brought  into  position  and  the 
metal  distilled  off.  The  change  which  occurs  is  represented  by  the 
following  equation : — 

6NaH0  -H  Fe  -F  C2  =  2Na2C03  -f-  SHg  -f-  Fe  -|-  Nog. 

Sodium  is  a  silver-white  metal,  greatly  resembling  potassium  in 
every  respect.  Its  density  is  0"972.  It  is  soft  at  common  tempera- 
tures, melts  at  QT'G",  and  oxidises  very  rapidly  in  the  air.  ^Vhen 
placed  on  the  surface  of  cold  water,  it  decomposes  that  liquid  with 
great  violence,  but  seldom  takes  fire  unless  the  motions  of  the 
fragment  are  restrained,  and  its  rapid  cooling  is  diminished  by  add- 
ing gum  or  starch  to  the  water.  With  hot  water  it  takes  fire  at  once, 
burning  with  a  bright  yellow  flame,  and  producing  a  solution  of  soda. 

Experiment. — Drop  a  piece  of  sodium,  half  the  size  of  a  pea,  into 
cold  water,  using  the  same  precautions  as  in  the  case  of  potassium. 
The  sodium  melts,  forming  a  spherical  globule,  from  wliich  hydrogen 
escapes.  Apply  a  lighted  match  ;  the  hydrogen  will  burn  with  a 
yellow  llanie.    Test  the  liquid  with  red  litmus  paper. 

Sodium  Chloride;  Common  Salt,  NaCl.—Tliis  very  important 
substance  is  found  in  many  parts  of  the  world  in  solid  beds  or 
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irregular  strata  of  immense  tliickness,  as  in  Cheshire,  Spain,  Galicia, 
at  Stassfurt,  and  many  other  localities.  An  inexhaustible  supply- 
exists  also  in  the  waters  of  the  oceaE,  and  large  quantities  are  ob- 
tained from  saline  springs. 

Salt  is  obtained  from  sea- water  by  evaporation  in  salterns  or  brine- 
pans,  with  the  aid  of  air  and  sunshine.  This  process  is  extensively 
practised  on  the  coasts  of  France,  Spain,  and  Portugal,  as  it  was 
formerly  in  this  country,  at  Hayling  Island,  near  Portsmouth  ;  at 
Lymington,  in  Dorsetshire ;  and  in  Scotland,  at  Saltcoats,  on  the  Ayr- 
shire coast.  The  salt  thus  prepared  is  called  bay-salt;  the  mother- 
liquor,  called  bittern,  contains  the  sulphates,  chlorides,  and  bromides 
of  magnesium  and  potassium,  and  is  utilised  as  a  source  of  bromine. 

Rock-salt  is  sometimes  mined  and  brought  to  the  surface  in  the 
solid  state,  but  generally  speaking  it  is  too  impure  for  use.  It  is 
therefore  more  usual  to  form  an  artificial  brine-well  by  sinking  a 
shaft  into  the  rock-salt,  and,  if  necessary,  introdiicing  water.  This 
when  saturated  is  pumped  up,  and  evaporated  more  or  less  rapidly 
in  large  iron  pans.  As  the  salt  separates,  it  is  removed  from  the 
bottom  of  the  vessel  by  means  of  a  scoop,  pressed  while  still  moist 


crystals  are  required,  as  for  the  coarse-grained  salt  used  in  curing 
provisions,  the  evaporation  is  slowly  conducted.  Common  salt  is 
apt  to  be  contaminated  with  sodium  sulphate,  calcium  sulphate,  and 
magnesium  chloride,  the  last  of  which  renders  it  liable  to  become  damp 
in  the  air.  These  impurities  may  be  removed  by  passing  hydrochloric 
acid  gas  into  a  saturated  and  filtered  solution  of  the  salt,  whereby 
pure  sodium  chloride  is  precipitated,  the  other  salts  remaining  in 
solution.  The  precipitate  is  washed  on  a  filter  with  strong  hydro- 
chloric acid,  then  dried  at  a  high  temperature  in  a  platinum  basin. 

Sodium  chloride,  when  pure,  is  not  deliquescent  in  moderately 
dry  air.  It  crystallises  in  anhydrous  cubes,  which  are  often  grouped 
together  into  pyramids,  or  steps.  It  requires  about  2^  parts  of 
water  at  15°  for  solution,  and  its  solubility  is  only  slightly  increased 
by  heat ;  it  dissolves  to  some  extent  in  spirit  of  wine,  but  is  nearly 
insoluble  in  absolute  alcohol.  It  melts  at  a  red  heat,  and  volatilises 
at  a  still  higher  temperature.  The  economical  uses  of  common  salt 
are  well  known. 

The  iodide  a.ndbromide  of  sodium  much  resemble  the  corresponding 

Sotassium-compounds  ;  they  crystallise  in  cubes,  which  are  anhy- 
rous,  and  very  soluble  in  water. 

Sodium  Oxide. — Sodium  forms  a  monoxide  and  a  dioxide  ;  also 
a  hydroxide  corresponding  with  the  former. 

Sodium  Monoxide,  or  Anhydroiis  Soda,  NajO,  is  produced  together 
with  the  dioxide,  when  sodium  burns  in  the  air,  and  may  be  obtained 
pure  by  exposing  the  dioxide  to  a  very  high  temperature.  It  is  a 
grey  mass,  which  melts  at  a  red  heat,  aiid  volatilises  with  dilliculty. 

Sodium  Hydroxide,  or  Caustic  Soda,  NallO.  —  This  substance  is 
prepared  by  decomposing  a  somewhat  dilute  solution  of  sodium 
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carbonate  with  calcium  hydroxide  :  the  description  of  the  process 
employed  in  the  case  of  potassium  hydroxide,  and  the  precautions 
necessary,  apply  word  for  word  to  that  of  sodium  hydroxide. 

The  solid  hydroxide  is  a  white  fusible  substance,  very  similar  in 
properties  to  potassium  hydroxide.  It  is  deliquescent,  but  dries  up 
again  after  a  time,  in  consequence  of  the  absorption  of  carbon  dioxide. 
The  solution  is  highly  alkaline,  and  a  powerful  solvent  for  animal 
matter  :  it  is  used  in  large  quantity  for  making  soap. 

The  strength  of  a  solution  of  caustic  soda  may  be  determined  from 
a  knowledge  of  its  density,  by  the  aid  of  the  following  table  drawn 
xip  by  Schiflf : — 


Density. 


NaOH 
per  cent. 

1  .  .  .  1-012 

5  .  .  .  1-059 

10  .  .  .  1-115 

15  .  .  .  1-170 

20  .  .  ,  1-225 

25  .  .  .  1-279 

30  .  .  .  1-332 


NaOH  •n„„„!t„ 

per  cent.  Density. 

35  .  .  .  1-384 

40  .  .  .  1-437 

45  .  .  .  1-488 

50  .  .  .  1-540 

55  .  .  .  1-591 

60  ,  .  .  1-643 


Sodmm  Dioxide,  NagOg,  formed  by  heating  sodium  to  about  200° 
in  a  current  of  dry  air,  is  white  at  ordinary  temperatures,  but  be- 
comes yellow  when  heated.  It  dissolves  in  water  without  decom- 
position. The  solution  may  be  evaporated  under'  reduced  pressure, 
depositing  crystalline  plates  having  the  composition  Na202,8H.50. 
These  crystals  left  to  effloresce  over  oil  of  vitriol  for  nine  days  lose 
three-fourths  of  their  water,  and  yield  another  hydrate  containing 
]Sfa202,2H20.  The  aqueous  solution  of  sodium  dioxide  when 
heated  on  the  water-bath,  is  decomposed  into  oxygen  and  the 
monoxide.  The  dioxide  is  now  an  article  of  commerce,  and  is  used 
in  analytical  processes  as  an  oxidising  agent. 

Sodium  Hypochlorite,  NaOCl,  is  contained,  together  with  the 
chloride,  in  the  bleaching  liquid  (formerly  known  as  chloride  of 
soda,  or  Eau  de  Labarmque),  obtained  by  passing  chlorine  into  a 
cold  solution  of  caustic  soda. 

Sodium  Chlorate,  NaClOg,  obtained  by  neutralising  sodium  car- 
bonate with  chloric  acid,  or  by  boiling  9  parts  of  potassium  clilorate 
with  7  parts  sodium  silicofluoride,  crystallises  on  coolin"  in  regular 
tetrahedrons.  It  is  much  more  soluble  than  potassium  chlorate,  100 
parts  of  water  dissolving  81-9  parts  of  it  at  0°,  and  232-6  parts  at 
100°.  Its  great  solubility  renders  it  very  useful  to  the  calico-printer 
in  the  production  of  aniline-black. 

Sodium  Hyposulphite,  NaHSOj,  is  formed  by  the  deoxidising 
action  of  zinc  on  the  sulphite.  Its  preparation  has  already  been 
described  (p.  136).  It  crj'slallises  in  needles,  soluble  in  water  and 
in  weak  spirit,  the  solution  exhibiting  strong  bleaching  and  reduc- 


SODIUM. 


355 


ing  properties  :  hence  it  is  used  as  a  reducing  agent  for  indigo,  and 
for  the  estimation  of  oxygen. 

Sodium  SulpMtes.— The  normal  salt,  NaoSOj,  obtained  by  satu- 
rating a  solution  of  sodium  carbonate  with  sulphur  dioxide,  and  then 
adding  an  equal  quantity  of  the  carbonate,  crystallises  in  trans- 
parent, monoclinic  prisms,  which  contain  7  molecules  of  water,  and 
give  up  the  whole  of  it  at  1 50°.  The  solution  has  a  sharp  taste  and 
alkaline  reaction.  The  acid  salt,  NaHSOa,  separates  from  a  cold 
solution  of  sodium  carbonate  saturated  with  sulphur  dioxide  in  tur- 
bid crystals,  and  is  precipitated  from  its  aqueous  solution  by  alcohol 
as  a  white  powder. 

Sodium  Sulphates. — The  normal  salt,  Na2S04,  is  a  bye-product 
in  many  chemical  operations  and  an  intermediate  product  in  the 
manufacture  of  the  carbonate  (see  p.  362)  :  it  may  of  course  be  pre- 
pared directly,  if  wanted  pure,  by  adding  dilute  sulphuric  acid,  to 
saturation,  to  a  solution  of  sodium  carbonate.  It  crystallises  in 
forms  derived  from  an  oblique  rhombic  prism.  The  crystals, 
commonly  called  Gkmher's  salt,  contain  10  molecules  of  water,  are 
efflorescent,  and  undergo  watery  fusion  when  heated,  like  those  of 
the  carbonate  ;  they  are  soluble  in  twice  their  weight  of  cold  water, 
and  rapidly  increase  in  solubility  as  the  temperature  of  the  liquid 
rises  to  34°,  at  which  point  the  salt  becomes  indefinitely  soluble 
(see  fig.  43,  p.  80).  When  the  salt  is  heated  beyond  this  point,  the 
solubility  diminishes,  and  a  portion  of  anhydroi;s  sulphate  is  depo- 
sited. A  warm  saturated  solution  evaporated  at  a  high  temperature 
deposits  opaque  prismatic  crystals,  which  are  anhydrous.  The  salt 
has  a  slight  bitter  taste,  and  is  purgative.  Mineral  springs  some- 
times contain  it,  as,  for  example,  the  springs  at  Cheltenham. 

Experiments  with  Glauber's  salt  have  been  described,  p.  82. 

Sodium  and  Hydrogen  Sulphate,  or  Acid  Sodium  Sulphate, 
2NaHS04,3H20  or  Na2S04,H2S04,3H20,  commonly  called  Bisulphate 
of  Soda,  is  prepared  by  adding  to  10  parts  of  the  anhydrous  normal 
sulphate,  7  of  oil  of  vitriol,  evaporating  the  whole  to  dryness,  and 
gently  heating  till  water  vapour  ceases  to  be  given  off.  The  acid 
sulphate  is  very  soluble  in  water,  and  has  an  acid  reaction.  It  is 
not  deliquescent.  When  very  strongly  heated  the  fused  salt  gives 
up  sulphuric  oxide,  and  is  converted  into  normal  sulphate  ;  a  change 
which  necessarily  supposes  the  previous  formation  of  a  pyrosulphate, 
Na2S207  or  Na2SO.„S03. 

Sodium  Thiosulphate,  Na^S^O.,,  formerly  called  HyjmsuljMte. — 
This  salt  is  formed  from  the  sulphite,  Na2S03,  by  addition  of  sul- 
phur. There  are  several  modes  of  preparing  it.  One  is  to  heat 
gently  a  solution  of  normal  sodium  sidphito  with  sulphur  during 
several  days.  By  careful  evaporation  at  a  moderate  temperature 
the  salt  is  obtained  in  large  regular  crystals,  which  are  very  soluble 
in  water.  It  is  usually  manufactured  from  alkali  waste,  which 
consists  chiefly  of  calcium  monosulphide  (see  p.  36G).    This  is  sus- 
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pended  in  water,  sulpliur  dioxide  passed  into  the  liquid,  and  the 
calcium  salt  converted  into  the  sodium  salt  by  precipitation  with 
sodium  carbonate  or  sulphate.  It  is  much  used  in  photography  as 
a  solvent  for  the  unaltered  silver  chloride,  and  bromide,  and  in 
paper-manufacture  as  an  antichlor. 

Sodium  Nitrate,  NaNOs- — This  salt,  sometimes  called  Cubic 
Nitre,  or  Chili  Saltjxtre,  occurs  native,  and  in  enormous  quantity,  at 
Tarapaca  in  Southern  Peru,  where  it  forms  a  regular  bed,  of  great 
extent,  along  with  gypsum,  common  salt,  and  remains  of  recent  shells. 
The  pure  salt  commonly  crystallises  in  rhombohedrons,  resembling 
those  of  calcareous  spar.  It  is  deliquescent,  and  very  soluble  in  water. 
Sodium  nitrate  is  employed  for  making  nitric  acid,  but  cannot  be 
used  for  gunpowder,  as  the  mixture  burns  too  slowly,  and  becomes 
damp  in  the  air.  It  is  used  extensively  in  agriculture  as  a  super- 
ficial manure  or  top-dressing  ;  also  for  preparing  potassium  nitrate. 

Experiment. — Dissolve  in  the  same  portion  of  water  contained  in 
an  evaporating  dish,  18  grams  of  sodium  nitrate  and  16  grams  of 
potassium  chloride.  Evaporate  the  solution  as  described  under  the 
head  of  potassium  nitrate,  and  decant  the  concentrated  solution  from 
the  crystalline  deposit.  The  solution  ou  cooling  shoots  into  long 
prisms  of  potassium  nitrate,  easily  distinguishable  from  the  short 
rhombohedral  crystals  of  tlie  sodium  salt. 

Sodium  Phosphates. — The  chemical  relations  of  these  salts  have 
already  been  exj^laiued  in  sjseaking  of  the  basicity  of  acids  (pp.  319-320). 

1.  Orthophosphates.  —  Hydrodisoclic  Phosphate  or  Disodium 
Orthophosphate,  Ordinarrj  Phosphate  of  Soda,  Na.,HP04,12H20,  is 
prepared  by  precipitating  the  acid  calcium  phosphate  (obtained  in 
decomposing  bone  ash  with  sulphuric  acid)  with  a  slight  excess  of 
sodium  carbonate,  and  evaporating  the  clear  liquid.  It  crystallises 
in  large,  transparent,  monoclinic  prisms,  which  are  efflorescent,  dis- 
solve in  4  parts  of  cold  water,  and  at  a  higher  temperature  give  off 
water,  and  are  converted  into  metaphosphate.  The  salt  is  bitter 
and  purgative  ;  its  solution  is  alkaline  to  test-paper.  The  salt  also 
crystallises  from  a  hot  solution  in  prisms  which  contain  TH^O. — 
Trisodium  orthophosphate,  Na3P04,12HoO,  is  obtained  by  adding  a 
solution  of  caustic  soda  to  the  preceding  salt.  The  crystals  are 
slender  six-sided  prisms,  soluble  in  5  parts  of  cold  water.  It  is 
decomposed  by  acids,  even  carbonic,  but  suffers  no  change  by  heat 
except  the  loss  of  its  water  of  crystallisation.  Its  solution  is  strongly 
alkaline. — Monosodiim  orthophosphate,  NaU2POj,HoO,  formerly  called 
superphosphate  or  biphosphate,  may  be  obtained  by  adding  pliosphoric 
acid  to  the  ordinary  phosphate,  until  it  ceases  to  precipitate  barium 
chloride,  and  exijosing  tlie  concentrated  solution  to  cold.  The 
crystals  are  prismatic,  very  soluble,  and  have  an  acid  reaction. 
When  strongly  heated,  this  salt  gives  off  water  and  is  converted  into 
metajihosphate  {infra). 

2.  Pyrophosphates. — The  normal  pyrophosphate,  Na4P2O-,10H2O,  is 
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obtained  .as  an  anliydrous  colourless  vitreous  mass  by  igniting  disodic 
orthopliosphate,  and  crystallises  from  aqueous  solution  in  mono- 
clinic  prisms.  The  solution  is  alkaline.  The  salt  is  converted  into 
orthopliosphate  on  adding  an  acid  to  its  aqueous  solution. — The  acid 
pyrophosphate,  Na.2H2P.2O5.  is  obtained  by  heating  disodic  ortho- 
phosphate  to  150°  with  strong  hydrochloric  acid,  or  by  heating 
monosodic  orthophosphate  to  190-204°  :  2NaH2P04  =  H20-h 
Na2 1X2^207  i  ^Iso  by  dissolving  the  normal  pyrophosphate  and  pre- 
cipitating with  alcohol.  This  last  process  yields  it  as  a  white  crystal- 
line powder.   It  is  easily  soluble  in  water,  and  forms  an  acid  solution. 

Metaphosphates,  tiEaPO^  (Mono-,  Di-,  Tri-,  etc.,  p.  321). — NaPOg 
is  formed  by  heating  sodium  hydroxide  with  a  slight  excess  of  phos- 
phoric acid  ;  by  heating  dihydrosodic  orthophosphate  to  redness  for 
a  short  time  ;  and  by  fusing  2  parts  sodium  nitrate  with  1  part  of 
syrupy  phosphoric  acid.  It  is  insoluble  in  water,  but  dissolves  in 
acids,  and  is  converted  into  orthophosphate  by  boiling  with  caustic 
soda.  Na2P20g-i-2H20,  obtained  bj'^  boiling  the  corresponding 
copper-salt  with  sodium  sulphide,  crystallises  in  slender  needles, 
soluble  in  7'2  parts  of  water.  It;  has  a  strong  tendency  to  form 
double  salts,  e.g.,  NaKP20Q,H20,  which  crystallises  from  a  mixed 
solution  of  the  two  simple  salts. — Na3P30g,6H20  may  be  prepared 
by  exposing  microcosmic  salt,  ]Sra(NH4)HP04,4H20,  to  a  moderate 
heat,  or  by  leaving  the  same  salt  in  a  state  of  fusion  to  cool  slowly. 
It  dissolves  in  4"5  parts  of  cold  water,  and  separates  on  .spontaneous 
evaporation  in  large  triclinic  prisms. —  Na4P40,2,  l^rcpared  by  decom- 
posing tlie  corresponding  lead-salt  with  sodium  sulphide,  forms  a 
thick  gummy  solution,  and  remiiins  on  evaporation  as  a  tran.«parent 
colloidal  mass. — NagPgOjg  is  prepared  by  fusing  either  dihydric 
orthophosphate  or  microcosmic  salt,  and  cooling  the  fused  mass  as 
quickly  as  possible,  as  otherwise  the  tetrametaphosphate  may  be 
formed.  It  dissolves  easily  in  water  and  in  alcohol,  and  remains  on 
evaporation  at  38°  as  a  gummy  mass.  The  aqueous  solution  is  not 
altered  by  boiling  with  caustic  soda. 

Experiments  on  the  mutual  transformations  of  the  common,  meta-, 
and  pyrophosphates. — 1.  Dissolve  in  sepanite  portions  of  water 
some  common  pho.'iphate  of  sodium,  Na2HP04,12H20,  and  micro- 
cosmic salt,  NaNH4H:P04,  4H2O  ;  add  solution  of  silver  nitrate  to 
each,  and  observe  that  they  give  the  same  yellow  precipitate  of 
silver  pho.sphate,  Ag3P04. 

2.  Make  an  ounce  or  two  of  trisodium  phosphate  by  dissolving 
comrnon  phosphate  of  sodium  in  solution  of  caustic  soda,  and  crys- 
tallising the  salt.  Drain  the  crystals,  redissolve  a  small  portion  in 
water,  and  test  with  silver  nitrate.  The  same  yellow  pho.sphate  is 
thrown  down. 

3.  Heat  about  a  gram  of  each  of  these  sodium  salts  in  a  porcelain 
crucible  or  on  platinum  foil  to  low  redness.  Redissolve  the  residue 
in  water,  and  test  the  solution  with  nitrate  of  silver. 

I  he  trisodium  salt  is  unchanged  by  heat,  and  gives  yellow  tri- 
argentic  phosphate. 


358 


METALS  OF  THE  ALKALIS. 


Disodium  phosphate  gives  pyrophosphate,  Na4P.^0j,  and  tlie  solu- 
tion of  this  compound  gives  a  white  precipitate  of  silver  pyrophos- 
jjhate,  Ag4P20j.. 

Monosodium  phosphate  and  microcosmic  salt  leave  a  residue  of  a 
metaphosphate  (NaPOg)^  which  gives  with  silver  nitrate  a  trans- 
lucent white  precipitate  of  silver  metaphosphate  (AgP03)„. 

4.  Dissolve  the  residues  of  pyro-  and  metaphosphate  of  sodium 
in  water,  acidify  with  hydrochloric  acid,  boil  for  about  an  hour, 
then  evaporate  to  near  dryness,  redissolve  in  water,  and  test  with 
silver  nitrate.  Both  give  sign  of  reconversion  into  common  phos- 
phate by  the  production  of  a  yellow  precipitate. 

Sodium  Arsenates — These  salts  closely  resemble  the  corre- 
sponding phosphates.  On  adding  sodium  carbonate  to  a  solution  of 
arsenic  acid  till  an  alkaline  reaction  becomes  apparent,  and  evapo- 
rating, the  salt  Na2HAs04,12H20  is  produced,  indistinguishable  in 
appearance  from  common  sodium  phosphate.  This  salt  also  crystal- 
lises with  THjO.  It  is  usually  prepared  by  melting  in  a  crucible  an 
intimate  mixture  of  white  arsenic  (10  parts),  sodiiim  nitrate  (8^  parts), 
and  trisodium  carbonates  (5^  parts),  then  redissolving  the  mass  in 
water  and  crystallising. — The  trisodium  salt,  Nag  ASO4, 1  SH^O,  is  formed 
when  sodium  carbonate  in  excess  is  fused  with  arsenic  acid,  or  when 
the  preceding  salt  is  mixed  with  caustic  soda. — The  monosodium  salt, 
NaH2As04,H205  is  made  by  substituting  an  excess  of  arsenic  acid 
for  the  solution  of  alkali.  The  alkaline  arsenates  which  contain 
basic  water  lose  the  latter  at  a  red  heat,  but,  unlike  the  phosphates, 
recover  it  when  again  dissolved.  The  arsenates  of  the  alkalis  are 
soluble  in  water  :  those  of  the  earths  and  other  metallic  oxides 
are  insoluble,  but  are  dissolved  by  acids.  The  reddish-brown 
precipitate  with  silver  nitrate  is  highly  characteristic  of  arsenic  acid. 

An  impure  sodium  arsenate  is  largely  used  in  calico  printing  as  a 
substitute  for  cow-dung,  in  clearing  cloth  after  mordanting :  it  is 
known  in  the  trade  as  "  dung  substitute." 

Sodium  Borates  The  Orthoborate,  NajBOj,  is  obtained  by  fusing 

boron  trioxide  with  excess  of  caustic  soda,  according  to  the  equation : 
B203  4-6NaOH  =  2Na3B03-t-3H20.  It  is  very  unstable,  being  re- 
solved by  solution  in  water  into  a  hydrated  metaborate  and  sodium 
hydroxide  :  Na3B0.,  +  H.,0  =  NaB0.,-f  2NaOH. 

The  Fyroborate,  or  Borax,  'Nn.Bfi-,  lOllfi  or  Na.p,2B,,O3,10H2O, 
occurs  in  the  waters  of  certain  lakes  in  Thibet  and  Persia,  and  is 
imported  in  a  crude  state  from  India  under  the  name  of  tincal. 
AVhen  purified  it  constitutes  the  borax  of  commerce.  Much  borax 
is  now,  however,  manufactured  from  the  native  boric  acid  of 
Tuscany,  also  from  a  native  calcium  borate  called  hancnne,  which 
occurs  in  Southern  Peru.  Large  quantities  of  borax  are  also  obtained 
from  the  borax  lake  in  California,  the  water  of  which  contains  a 
pound  of  crystallised  borax  in  13  gallons.  Borax  crystallises  in  six- 
sided  prisms,  which  eiUoresce  in  dry  air,  and  require  20  parts  of 
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cold  and  6  of  boiling  water  for  solution.  On  exposing  it  to  heat, 
the  10  molecules  of  water  of  crystallisation  are  expelled,  and  at  a 
higher  temperature  the  salt  fuses,  and  assumes  a  glassy  appearance 
on  cooling  :  in  this  state  it  is  much  used  for  blow-pipe  experiments, 
the  metallic  oxides  dissolving  in  it  to  transparent  beads,  many  of 
which  are  distinguished  by  characteristic  colours.  By  particular 
management,  crystals  of  borax  can  be  obtained  with  5  molecules  of 
water :  they  are  very  hard,  and  permanent  in  the  air.  Borax, 
though  by  constitution  an  acid  salt,  nas  an  alkaline  reaction  to  test- 
paper.  It  is  used  in  the  arts  for  soldering  metals,  its  action  consist- 
ing in  rendering  the  surfaces  to  be  joined  metallic,  by  dissolving 
the  oxides  ;  and  it  sometimes  enters  into  the  composition  of  the  glaze 
with  which  stoneware  is  covered. — Octahedral  Borax,  Na2B40~,5lT20, 
is  deposited  when  a  supersaturated  solution  of  borax  is  allowed  to 
evaporate  in  a  warm  place. 

Sodium  Metaborate,  NaBOg  or  Na20,B203,  is  obtained  by  fusing 
common  borax  and  sodium  carbonate  together  in  equivalent  propor- 
tions, and  dissolving  the  mass  in  water.  It  forms  large  monoclinic 
crystals,  having  the  composition  NaB02,3H20. 

Experiments  with  borax. — 1.  Melt  borax  upon  a  loop  of  platinum 
wire  by  making  the  wire  red-hot,  dipping  it  into  the  powdered  salt, 
and  then  holding  the  mass  in  the  Bunsen  flame.  Observe  that  the 
bead  is  clear  and  colourless.  Now  apply  to  it  a  drop  of  solution  of 
cobalt  nitrate,  and  heat  it  again.  A  blue  glass  results.  In  the  same 
way  prepare  beads,  and  colour  them  by  means  of  compounds  of 
copper,  iron,  and  chromium. 

2.  Dissolve  about  10  grams  of  borax  in  ten  times  as  much  boiling 
water,  add  to  the  liquid  enough  hydrochloric  acid  to  render  it 
strongly  acid,  and  allow  it  to  cool.  Crystals  of  boric  acid,  H3BO3, 
are  deposited.  Filter  off  the  crystals  when  cold,  drain  them,  dissolve 
a  portion  in  a  little  spirit  of  wine.  Place  the  solution  in  a  dish,  set 
fire  to  it,  and  observe  the  green  colour  of  the  flame. 

Sodium  Silicates.— The  Metasilicate,  NaaSiOg,  or  NaaOjSiO.j, 
obtained  by  fusing  silica  and  sodium  carbonate  together  in  mole- 
cular proportions,  is  soluble  in  water  and  separates  on  evaporation 
in  crystals  containing  7H2O.  With  excess  of  sodium  carbonate, 
the  ^-silicate  NagSigOjo  or  4Na20,3Si02,  is  obtained,  as  shown  by 
the  equation  3Si02  4-4(Na20,C02)  =  4Na20,3Si02-|-4C02. 

The  Qiiadrisilicate,  NajSi.iOg  or  Na20,4Si02,  commonly  known  as 
silicate  of  soda  or  sohihle  glass,  is  prepared  by  heating  white  sand 
(180  parts),  soda-ash  (100  parts),  and  charcoal  (3  parts),  in  a  rever- 
beratory  furnace,  or  by  dissolving  powdered  flint  under  pressure  in 
a  hot  concentrated  solution  of  caustic  soda.  The  first  method  yields 
it  m  the  form  of  a  transparent  glassy  mass,  generally  having  a 
yellow,  brown,  or  green  colour,  and  dissolving  readily,  when  pul- 
verised, in  boiling  water,  to  a  thick  viscid  liquid.  It  is  used  in 
the  manufacture  of  artificial  stone,  which  is  made  by  mixing  the 
soluble  glass  with  sand  and  lime  ;  also  as  a  cement  for  joining 
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broken  surfaces  of  porcelain,  stone,  etc.  ;  in  fixing  fresco  colours  by 
the  process  of  stereocbromy,  and  for  the  manufacture  of  silicated 
soap,  which  is  prepared  in  large  quantities  by  adding  a  solution  of 
sodium  silicate  to  the  soap  while  setting. 

Manufacture  of  Glass. — Ordinary  glass  is  a  mixture  of  various 
insoluble  silicates  with  excess  of  silica,  altogether  destitute  of  crys- 
talline structure  :  the  simple  silicates,  formed  by  fusing  the  bases 
with  silicic  acid  in  equivalent  proportions,  very  often  crystallise, 
which  happens  also  with  the  greater  number  of  the  natural  silicates 
included  among  the  earthy  minerals.  Compounds  identical  with 
some  of  these  are  also  occasionally  formed  in  artificial  processes, 
where  large  masses  of  melted  glassy  matter  are  suffered  to  cool 
slowly.  The  alkaline  silicates,  when  in  the  fused  state,  have  the 
power  of  dissolving  a  large  quantity  of  silica. 

Two  principal  varieties  of  glass  are  met  with  in  commerce,  namely, 
glass  composed  of  silica,  alkali,  and  lime ;  and  glass  containing  a 
large  proportion  of  lead  silicate  ;  crown  and  flate  glass  belong  to  the 
former  division  ;  flint  glass  and  the  material  of  artificial  gems,  to 
the  latter.  The  lead  promotes  fusibility,  and  confers  also  density 
and  lustre.  Common  green  bottle-glass  contains  no  lead,  but  much 
silicate  of  iron,  derived  from  the  impure  materials. 

The  principle  of  tlie  glass  manufacture  is  very  simple.    Silica,  in 


Tlie  operation  of  fusion  is  conducted  in  large  crucibles  of  refrac- 
tory fire-clay,  which  in  the  case  of  lead-glass  are  covered  by  a  dome 
at  tlie  top  (see  fig.  124),  and  have  an  openin"  at  the  side,  by  which 
the  materials  are  introduced,  and  the  melted  glass  withdrawn.  Great 
care  is  exercised  in  the  choice  of  the  sand,  which  must  be  quite  white 
and  free  from  iron  oxide.  Bed  lead,  one  of  the  higher  oxides,  is  jjre- 
ferred  to  litharge,  although  immediately  reduced  to  monoxide  by  the 
heat,  the  liberated  oxygen  serving  to  destroy  any  combustible  matter 


Fig.  124. 


the  shape  of  sand,  is 
heated  with  potassium  or 
sodium  carbonate,  and 
slaked  lime  or  lead 
oxide  :  at  a  high  tem- 
perature, fusion  and 
combination  occur,  and 
carbon  dioxide  is  ex- 
pelled. Sodium  sulphate 
(salt-cake)  mixed  with 
charcoal  is  often  substi- 
tuted for  soda.  When 
the  melted  mass  has  be- 
come perfectly  clear  and 
free  from  air-bubbles,  it 
is  left  to  cool  until  it 


^5fi  assumes  the  peculiar 
tenacious  condition  pro- 
per for  working. 
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that  might  accidentally  find  its  way  into  the  crucible,  and  stain  the 
glass  by  reducing  a  portion  of  the  lead.  Potass  gives  a  better  glass 
than  soda,  altlioiigh  the  latter  is  very  generally  employed,  from  its 
lower  price.  A  certain  proportion  of  broken  and  waste  glass  of  the 
same  kind  is  always  added  to  the  other  materials. 

Articles  of  blown,  glass  are  thus  made  :  The  workman  begins  by 
collecting  a  proper  quantity  of  soft  pasty  glass  at  the  end  of  his  blow- 
pipe, an  iron  tube  5  or  6  feet  in  length,  terminated  by  a  mouth- 
piece of  wood ;  he  then  begins  blowing,  by  which  the  lump  is 
expanded  into  a  kind  of  flask,  susceptible  of  having  its  form  modified 
by  the  position  in  which  it  is  held,  and  the  velocity  of  rotation 
continually  given  to  the  iron  tube.  If  an  open-mouthed  vessel  is 
to  be  made,  an  iron  rod,  called  a  pontil  or  puntil,  is  dipped  into  the 
glass-pot,  and  applied  to  the  bottom  of  the  flask,  to  which  it  thus 
serves  as  a  handle,  the  blow-pipe  being  removed  by  the  application 
of  a  cold  iron  to  the  neck.  The  vessel  is  then  reheated  at  a  hole  left 
for  the  purpose  in  the  wall  of  the  furnace,  the  aperture  is  enlarged, 
and  the  vessel  otherwise  altered  in  figure  hj  the  aid  of  a  few  simple 
tools,  until  completed.  It  is  then  detached,  and  carried  to  the 
annealing  oven,  where  it  undergoes  slow  and  gradual  cooling  during 
many  hours,  the  object  of  which  is  to  obviate  the  excessive  brittle- 
ness  always  exhibited  by  glass  which  has  been  quickly  cooled.  The 
large  circular  tables  of  crown  glass  are  made  by  a  very  curious 
process  of  this  kind  ;  the  globular  flask  at  first  produced,  transferred 
from  the  blow-pipe  to  the  pontil,  is  suddenly  made  to  assume  the  form 
of  a  flat  disc  by  the  centrifugal  force  of  the  rapid  rotatory  movement 
given  to  the  rod.  Plate  glass  is  cast  upon  a  flat  metal  table,  and  after 
very  careful  annealing  is  ground  true  and  polished  by  suitable  ma- 
chinery. Tubes  are  made  by  rapidly  drawing  out  a  hollow  cylinder  ; 
and  from  these  a  great  variety  of  useful  small  apparatus  may  be  con- 
structed with  the  help  of  a  lamp  and  blow-pipe,  worked  by  bellows. 
Small  tubes  may  be  bent  in  the  flame  of  a  spirit-lamp  or  gas-jet, 
and  cut  with  a  tile,  a  scratch  being  made,  and  the  two  portions  pulled 
or  broken  asunder  in  a  way  easily  learned  by  a  few  trials. 

Specimens  of  the  two  chief  varieties  of  glass  gave  on  analysis  the 
following  results : — 


Bohemian  plate  glass  (excellent). 
Silica,      .       .       .  60-0 
Potassium  oxide,      .  25-0 
Lime,      .       .       .  12-5 


97-5 


English  Hint  glass. 

Silica,    ,       .       .  51-93 

Potassium  oxide,    .  13' 77 

Lead  oxide,    .       .  33-28 


98-98 


The  difficultly  fusible  white  Bohemian  tube,  so  valuable  in 
organic  analysis,  has  been  found  to  contain,  in  100  parts- 
Silica,    72-80 

Lime,  with  traces  of  alumina,  .       .       .  9-68 

Magnesia,   -40 

Potassium  oxide,   6-80 

Traces  of  manganese,  etc.,  and  loss,  .       .  -32 
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Different  colours  are  often  communicated  to  glass  by  metallic 
oxides.  Thus,  oxide  of  cobalt  gives  deep  blue  ;  oxide  of  manganese, 
amethyst ;  cuprous  oxide,  ruby-red  ;  cupric  oxide,  green  ;  the  oxides 
of  iron,  dull  green  or  brown,  etc.  These  oxides  are  either  added 
to  the  melted  contents  of  the  glass-pot,  in  which  they  dissolve,  or 
applied  in  a  particular  manner  to  the  surface  of  the  plate  or  other 
object,  which  is  then  relieated,  until  fusion  of  the  colouring  matter 
occurs  ;  such  is  the  practice  of  enamelling  and  glass-painting.  An 
opaque  white  appearance  is  given  by  oxide  of  tin;  the  enamel  of 
watch-faces  is  thus  prepared. 

Toughened  Glass.— ordinary  glass  is  heated  till  it  begins 
to  soften,  then  plunged  into  melted  paraffin,  wax,  or  other  sub- 
stance melting  at  a  comparatively  low  temperature,  and  left  to  cool 
gradually,  it  becomes  very  tough,  so  that  it  may  be  struck  or  thrown 
on  the  ground  without  breaking.  It  has  also  acquired  greater  power 
of  resisting  sudden  changes  of  temperature,  and  may  be  heated  to 
redness,  then  dipped  into  cold  water,  and  whilst  wet  again  held  in 
the  flame,  without  injury.  Hence  it  is  well  adapted  for  lamp- 
chimneys  and  for  culinary  vessels.  When  it  does  break,  however, 
it  splits  up  into  a  multitude  of  minute  angular  fragments. 

Sodium  Carbonates.  —  The  Normal  or  Disodic  Carbonate, 
Na2C03, 101120,  was  once  exclusively  obtained  from  the  ashes  of  sea- 
weeds, and  of  plants,  such  as  the  Salsola  Soda,  which  grow  by  the 
sea-side,  or,  being  cultivated  in  suitable  localities  for  the  purpose, 
are  afterwards  subjected  to  incineration.  The  barilla,  which  is 
no  longer  of  any  commercial  importance,  was  thus  produced  in  several 
places  on  the  coast  of  Spain,  as  at  Alicante,  and  Carthagena.  That 
made  in  Brittany  was  called  varec. 

Sodium  carbonate  is  now  manufactured  on  a  stupendous  scale 
from  common  salt  by  a  series  of  processes,  of  which  one  invented  by 
Nicolas  Leblanc  has  now  been  employed  for  about  a  century. 

Leblanc's  process  may  be  considered  as  divisible  into  two  stages  : — 
(1)  Manufacture  of  sodium  sulphate,  or  salt-cake,  from  sodium  chlo- 
ride (common  salt)  ;  this  is  called  the  salt-cake  process.  (2)  Manu- 
facture of  sodium  carbonate,  or  soda-ash  ;  called  the  soda-iish  process. 

1.  Salt-CaJce  Process. — This  process  consists  in  the  decomposition 
of  common  salt  by  sulphuric  acid,  and  is  effected  in  a  furnace 
called  the  salt-cake  furnace,  of  which  fig.  125  represents  a  section. 


Fig.  125. 


It  consists  of  a  large  covered  iron  pan,  jjlaced  in  ihc  centre,  and 
heated  by  a  (ire  underneath  ;  and  two  roasters,  or  reverberatory 
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furnaces,  placed  on  either  side,  and  on  the  hearths  of  which  the 
salt  is  completely  decomposed.  The  charge  of  half  a  ton  of  salt  is 
first  placed  in  the  iron  pan,  and  then  the  requisite  quantity  of  sul- 
phuric acid  is  allowed  to  pass  in  upon  it.  Hydrochloric  acid  is 
evolved,  and  escapes  through  a  flue,  with  the  products  of  combus- 
tion, into  towers  or  scrubbers,  filled  with  coke  and  bricks  moistened 
with  a  stream  of  water  ;  the  acid  vapours  are  thus  condensed,  and 
the  smoke  and  heated  air  pass  up  the  chimney.  After  the  mixture 
of  salt  and  acid  has  been  heated  in  the  iron  pan,  it  becomes  con- 
verted into  a  solid  mass  of  acid  sodium  sulphate  and  undecomposed 
sodium  chloride  : — 

2NaCl  +  H2SO4  =  NaCl  -t-^NaHSO^  +  HCl. 

It  is  then  raked  on  to  the  hearth  of  one  of  the  furnaces  at  the  side 
of  the  decomjjosing  pan,  where  the  flame  and  heated  air  of  the  fire 
complete  the  decomposition  into  neutral  sodium  sulphate  and  hydro- 
chloric acid: — 

NaCl  +  NaHSO^  =  NaaSO^  +  HCl. 

The  roasters  are  employed  alternately. 

2,  Soda-Ash  Process. — The  sulphate  is  next  mixed  with  an  equal 

rig.  126. 


weight  of  chalk  or  limestone,  and  half  as  much  small  coal,  both 
ground  or  crushed.    The  mixture  la  thrown  into  a  reverberatory 
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furnace,  and  heated  to  fusion,  with  constant  stirring.  When  the 
decomposition  is  judged  complete,  the  melted  matter  Ls  raked  from 
the  furnace  into  an  iron  trough,  where  it  is  allowed  to  cool. 

In  many  works  the  black  ash  is  made  in  a  furnace  of  a  different 
kind,  designed  to  effect  a  saving  of  hand  labour.  A  large  cylindrical 
drum  lined  with  firebrick  is  supported  in  such  a  manner  that,  actu- 
ated by  a  small  steam-engine,  it  can  be  made  to  rotate  horizontally 
upon  its  long  axis.  This  "revolver"  (fig.  126),  as  it  is  called,  has  an 
aperture  at  each  end  by  which  the  hot  gases  from  a  furnace  adjoining 
(shown  at  F  in  the  figure)  can  be  made  to  pass  centrally  through  ir, 
and  so  to  heat  the  materials  which  are  placed  inside.  The  waste  heat 
passes  off  at  the  opposite  end  and  is  utilised  for  evaporating  the 
liquors  afterwards  obtained. 

The  materials  are  charged  into  the  furnace  through  a  hopper,  into 
which  they  are  delivered  from  trucks  which  approach  by  means  of 
an  overhead  tram-line.  When  each  charge  has  been  sufhciently 
heated,  the  rotation  of  the  revolver  is  stopped,  and  the  aperture  in  its 
side  brought  over  the  small  iron  trucks  which  are  placed  below  for 
the  reception  of  the  product. 


Fig.  127. 


The  relative  positions  of  the  several  parts  of  the  ajjparatus  ai"e 
shown  more  clearly  in  the  section  given  in  fig.  127,  where  A  B  is  the 
revolver,  D  the  furnace,  E  the  entrance  of  the  hot  gases  from  the  fire, 
F  the  aperture  by  which  they  pass  from  the  revolver  to  the  space 
above  the  liquid  contained  in  the  pans  G,  while  at  L  are  shown  the 
arches  in  the  side  wall  of  the  e\'aporating  pan  by  which  the  salts  are 
withdrawn  from  the  boiling  liquor. 

The  crude  product  of  these  operations,  called  black  ash  or  ball-soda, 
is  broken  up  into  little  jiieces,  when  cold,  and  li.xiviated  with  cold  or 
tepid  water.  The  solution  is  boiled  down  rapidly  in  the  pans 
above  mentioned,  and  when  sulHciently  concentrated  it  deposits  small 
crystals  of  sodium  carbonate  containing  one  molecule  of  water, 
NagCOjHjO,  and  known  as  "  soda  .salts."  These  ciystals  are  fished 
out  by  means  of  perforated  ladles  while  the  liquid  is  hot,  as  they 


SODIUM. 


365 


would  redissolve  in  the  form  of  a  hydrate  richer  in  water  if  allowed 
to  cool  in  the  solution.  The  soda  salts,  mixed  with  a  little  sawdust, 
are  calcined  in  a  suitable  furnace,  and  produce  the  beat  "  soda  ash,' 
which  contains  about  96  per  cent,  of  sodium  carbonate,  Na2C03,  with 
very  small  quantities  of  chloride  and  sulphate.  The  liquors  from 
which  the  salts  have  been  deposited  contain  a  considerable  quantity 
of  sodium  hydroxide,  and  are  usually  boiled  with  lime  and  evaporated 
down  for  the  production  of  caustic  soda.  By  dissolving  soda-ash  in 
hot  water,  filtering  the  solution,  and  then  allowing  it  to  cool  slowly 
the  carbonate  is  deposited  in  large  transparent  crystals. 


Fig.  128. 


The  reaction  which  takes  place  in  the  calcination  of  the  sulphate 
with  limestone  and  coal-dust  seems  to  consist,  first,  in  the  conversion 
of  the  sodium  sulphate  into  sulphide  by  the  aid  of  the  combustible 
matter,  and,  secondly,  in  the  interchange  of  elements  between  that 
substance  and  the  calcium  carbonate  : — 

Na.^S  +  CaCOa  =  CaS  +  NaaCOj . 

A  portion  of  the  limestone  is  converted  into  lime  by  the  heat,  and 
consequently  when  the  mass  is  treated  with  water,  tins  reacts  upon 
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tlie  sodium  carbonate,  or  produces  a  certain  amount  of  hydroxide, 
which  is  now  usually  turned  to  account  as  above  described. 

In  the  Leblanc  process  a 
serious  difficulty  has  always 
arisen  from  tlie  accumulation 
in  and  about  the  works  of  the 
insoluble  part  of  the  black- 
ash.  This  residue,  the  "  soda- 
waste"  of  the  alkali-maker, 
consisting  largely  of  calcium 
sulphide,  carries  off  in  a  useless 
form  the  whole  of  the  sulphur 
of  the  suljjhuric  acid  employed 
in  the  process.  Many  attempts 
have  been  made  to  recover  the 
sulphur  from  the  waste.  One 
of  these  has  already  been  de- 
scribed (p.  118). 

Ammonia  -  soda  Process.  — 
Several  other  processes  for  the 
manufacture  of  soda  have  been 
proposed,  but  the  only  one 
which  has  attained  commer- 
cial success  is  that  above 
named,  which  was  first  sug- 
gested about  forty  years  ago, 
and  is  now  largely  employed 
in  England,  ou  the  Continent 
of  Europe,  and  in  the  United 
States.  It  consists  in  decom- 
posing a  solution  of  common 
salt  mixed  with  ammonia  by 
means  of  carbonic  acid  under 
slight  pressure.  The  appara- 
tus in  M'hich  the  brine  is  first 
saturated  with  ammonia  is 
shown  in  figure  128,  in  which 
r  and  ?•'  are  two  vessels  hold- 
ing the  brine,  each  provided 
with  an  agitator  and  commu- 
nicating at  the  top  and  bottom 
with  the  tank  A  into  which 
ammonia  gas,  together  with  a 
little  carbon  dioxide,  is  ad- 
mitted by  the  pipe  T.  The 
solution  of  natural  salt  is 
always  contaminated  M'ith 
magnesium  chloride  and  cal- 
cium sulphate,  and  to  precipitate  the  magnesium  a  little  slaked 


Fig.  130. 
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lime  is  added  to  the  liquid.  A  precipitate  is  therefore  formed 
consisting  of  magnesium  and  calcium  carbonates,  which  is  removed 
by  subsidence,  partly  in  the  vessels  r  ?•'  which  are  used  alternately, 
partly  in  the  continuous  settling  cylinder  D. 

The  clear  ammoniacal  brine  is  then  introduced  into  tall  cylindrical 
iron  vessels,  divided  by  some  twenty  horizontal  partitions,  as  shown 
in  figs.  12!),  130,  carbon  dioxide  gas  being  pumped  in  at  the  bottom. 
The  reaction  which  ensues  results  in  the  production  of  sodium 
bi-carbonate  which,  in  consequence  of  its  comparatively  slight  solu- 
bility, is  precipitated  as  a  crystalline  powder  while  ammonium 
chloride  remains  in  solution. 

NaCl  +  NH3  +  HgO  +  CO2  =  NaHOOa  +  NH^Cl. 

The  carbon  dioxide  required  in  the  operation  is  drawn  from  a  lime 
kiln  which  yields  an  equivalent  quantity  of  lime.  The  sodium  bi- 
carbonate is  collected,  dried  and  heated  in  ovens  where  it  is  converted 
into  the  normal  carbonate,  half  thecarbon  dioxide  being  again  evolved, 
so  that  it  can  be  utilised: — 

2NaHC03  =  NasCOj  -f  HgO  +  CO^. 

Hence  the  quantity  of  lime  made  is  just  sufficient  for  regenerating 
from  the  ammonium  chloride  the  ammonia  required  in  a  subsequent 
operation.  The  chief  advantages  of  this  process  are  the  direct  con- 
version of  the  sodium  chloride  into  carbonate,  which  is  precipitated 
from  the  concentrated  liquors  uncontaniinated  with  salts  of  other 
metals  ;  the  absolute  freedom  of  the  product  from  sulphur-com- 
pounds ;  and,  lastly,  simplicity  of  plant,  saving  of  fuel,  and  freedom 
from  noxious  vapours  and  troublesome  secondary  products. 

Its  employment  on  tlie  large  scale  was,  however,  for  some  time 
retarded  by  a  loss  of  ammonia  which  was  found  very  difficult  to 
obviate  ;  but  this  loss  has  by  recent  improvements  been  to  a  great 
extent  overcome,  and  the  ammonia-process  is  now  rapidly  gaining 
ground  on  that  of  Leblanc.  The  following  table,  drawn  up  from  the 
annual  reports  of  the  Chief  Inspector  under  the  Alkali-works 
Regulation  Act,  shows  that  the  quantity  of  soda  made  by  the 
ammonia-process  has  been  steadily  increasing. 


Tons  of  Salt  Decomposed  for  the  Production  of  Soda. 

Year  

1886 

1890 

1891 

1892 

1893 

1894 

1S95 

Leblanc, 

049,248 

002,769 

507,803 

519,593 

467,562 

434,298 

408,173 

Ammonia-Soda,  . 

137,220 

252,200 

278,528 

304,897 

349,609 

301,003 

428,014 

780,408 

855,029 

840,391 

824,490 

817,171 

705,901 

830,787 
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From  various  causes,  indeed,  wliich  cannot  here  be  discussed,  the 
Leblanc  process,  so  far  as  the  production  of  soda  itself  is  concerned, 
has  ceased  to  yield  any  profit,  and  the  hydrochloric  acid  which  is 
evolved  in  the  salt-cake  process  yields  only  a  small  profit ;  so  that 
the  process  is  now  carried  on  mainly  for  the  sake  of  certain  second- 
ary products  which  are  obtained  by  it.  The  sulphuric  acid  used  for 
decomposing  the  sodium  chloride  is  made  almost  exclusively  from 
the  sulphur  of  pyrites,  and  the  pyrites  used  for  the  purpose  in  this 
country  is  either  Spanish  or  Portuguese  pyrites,  both  of  which  contain 
from  3  to  4  per  cent,  of  copper,  together  with  very  small  quantities 
of  silver  and  gold  ;  and  after  the  greater  part  of  the  sulphur  has  been 
burnt  off,  these  metals,  together  with  iron  oxide,  remain  in  the 
"burnt  ore"  or  "pyrites  cinders,"  as  the  residue  is  called,  which  is 
then  treated  by  a  wet  process  for  the  extraction  of  the  copper  (see 
Copper),  and  the  residue  then  left  is  an  almost  pure  oxide  of  iron, 
which  can  be  used  for  various  pnrjDoses  in  the  maniiiacture  of  iron 
and  steel.  It  is  to  these  secondary  products  that  the  profits  still 
obtained  by  tiie  Leblanc  process  are  due. 

Experiments. — 1.  Take  a  large  crystal  of  soda,  rinse  it  with  water, 
and  wipe  it  dry  with  filter  paper.  The  surface  should  be  bright  and 
smooth  ;  j)lace  the  crystal  in  a  small  dish,  and  weigh  the  whole  ;  now 
leave  it  exposed  to  the  air  of  a  warm  room  for  a  day  or  two.  The 
crystal  soon  becomes  opaque,  and  ultimately  crumbles  to  a  powder, 
at  the  same  time  losing  weight  from  loss  of  water.  This  change  is 
called  "  efflorescence." 

2.  Place  a  little  dry  carbonate  of  potassium  in  a  small  dish,  and 
weigh  the  whole  :  then  leave  it  exposed  to  air  for  a  day,  and  weigh 
again.  There  will  be  considerable  increase  of  weight,  and  the  salt 
will  be  observed  to  have  become  damp,  or  even  to  have  liquefied, 
according  to  the  state  of  the  weather.  This  change  owing  to  absorp- 
tion of  moisture  is  called  "  deliquescence." 

Properties  of  Normal  Sodium  Carbonate. — The  ordinary  crystals  of 
sodium  carbonate  contain  10  molecules  of  water  (wasliing  soda)  ;  but 
by  crystallisation  from  a  warm  solution  the  same  salt  may  be 
obtained  with  7  molecules,  or  from  a  boiling  solution  with  only  one. 
The  ordinary  crystals  are  monoclinic  ;  they  effloresce  in  dry  air,  and 
crumble  to  a  white  powder.  Heated,  they  fuse  in  their  water  of 
crystallisation  :  when  the  latter  has  been  expelled  and  the  dry  salt 
exposed  to  a  full  red  heat,  it  melts  without  undergoing  change. 
The  common  crystals  dissolve  in  2  parts  of  cold,  and  in  less  than 
their  own  weight  of  boiling  water  :  the  solution  has  a  strong,  dis- 
agreeable, alkaline  taste,  and  a  poM'erfully  alkaline  reaction. 

Hydrogen  and  Sodium  Carbonate,  Hydrosodic.  Carbo7Uite,  Mo7ioso- 
dic  Carbonate,  NaHCOj  or  NaoCOajtL^COj,  commonly  called  Bi- 
carbonate of  Soda. — This  salt  is  prepared  by  passing  carbonic  acid  gas 
into  a  cold  solution  of  the  normal  carbonate,  or  by  placing  the  crystals 
in  an  atmosphere  of  the  gas,  M'hicli  is  rapidly  absorbed,  wliile  the 
crystals  lose  the  greater  ixn't  of  their  water,  and  pass  into  the  new 
compound. 
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Monosodic  carbonate,  prepared  by  either  process,  is  a  crystalline 
white  powder,  which  cannot  be  redissolved  in  warm  water  without 
partial  decomposition.  It  requires  10  parts  of  water  at  15'5°  for 
solution  :  the  liquid  is  feebly  alkaline  to  test-paper,  and  has  a  much 
milder  taste  than  that  of  the  normal  carbonate.  It  does  not  precipi- 
tate a  solution  of  magnesium  sulphate.  By  exposure  to  heat,  the 
salt  is  converted  into  normal  carbonate. 

Dihydro-tetrasodic  Carbonate,  Na4H2(C03)3,2H20. — This  salt,  com- 
monly called  Sesqmcarhonale  of  Soda,  may  be  regarded  as  a  compound 
of  the  normal  and  hydric  salts  (NagCOgjaNaHCOg).  It  occurs  native 
on  the  banks  of  the  soda  lakes  of  Sokenna,  near  Fezzan,  in  Africa, 
where  it  is  called  tj'ona  ;  also  as  urao,  at  the  bottom  of  a  lake  in 
Maracaibo,  South  America.  It  is  now  produced  artificially  by 
mixing  the  monosodium  and  disodium  carbonates  in  the  proportions 
above  indicated,  and  crystallising  the  solution  at  slightly  elevated 
temperature. 

Sodium  and  Potassium  Carbonate,  NaKCO^jGHgO,  separates  in 
monoclinic  crystals  from  a  solution  containing  the  two  carbonates  in 
equivalent  proportions. 

A  mixture  of  these  two  carbonates  in  equivalent  pi'oportions  melts 
at  a  much  lower  temperature  than  either  of  the  salts  separately  ; 
a  mixture  of  the  dry  salts  is  used  under  the  name  of  fusion-mixture 
in  the  analysis  of  silicates,  etc. 

Sodium  Sulphide,  NajS,  is  prepared  like  potassium  sulphide, 
and  separates  from  a  concentrated  solution  in  octahedral  crystals, 
which  are  rapidly  decomposed  by  contact  with  the  air,  yielding  a 
mixture  of  hydroxide  and  thiosulphate  of  sodium.  It  forms  soluble 
sulphur-salts  with  hydrogen  siilj)hide,  carbon  bisulphide,  and  other 
electro-negative  sulphides. 

There  is  no  good  precipitant  for  sodium,  all  its  salts  being  some- 
what freely  soluble  in  water.  The  pyroantimonate  is  precipitated 
on  mixing  a  solution  of  a  sodium  salt  with  a  solution  of  potassium 
pyroantimonate  ;  the  use  of  this  reagent  is,  however,  attended  with 
some  difficulties.  The  oxalate  Na2C204  is  also  distinguished  by  its 
slight  solubility.  The  yellow  colour  imparted  by  sodium  salts  to  the 
blow-pipe  or  Bunsen  flame  is  a  character  of  considerable  importance. 
The  spectral  reactions  of  sodium  compounds  have  been  already 
noticed  (p.  333  and  coloured  plate).  As  sodium  compounds  are 
widely  diffused  in  small  quantity  in  the  dust  of  the  atmosphere,  in 
water,  and  in  many  metallic  salts,  the  production  of  a  temporary 
yellow  light  in  the  flame  cannot  be  regarded  as  sufficient  evidence  of 
the  presence  of  sodium  as  the  chief  constituent  in  a  salt  under 
examination.  In  such  cases  the  question  may  be  decided  by  con- 
verting the  salt  into  sulphate,  wliich  can  be  recognised  by  its 
crystalline  form,  quite  distinct  from  that  of  potassium  sulphate,  and 
by  its  peculiarities  of  solubility.  The  crystalline  form  of  the  chloride, 
common  salt,  is  also  very  distinctive. 

VOL.  I.  2  a 
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LITHIUM. 

Sj^mljol,  Li.    Atomic  weight,  7. 

Lithium  is  found  in  petalite,  spodumene,  lepidolite,  triphylline, 
and  a  few  other  minerals,  and  sometimes  occurs  in  minute  quantities 
in  mineral  springs.  The  most  abundant  source  of  it  yet  discovered 
is  the  mineral  water  of  Wheal  Clifl'ord  in  Cornwall,  in  which  it 
exists  to  the  amount  of  61  parts  in  a  million. 

A  lithium  salt  may  he  obtained  from  petalite  by  the  following 
process.  The  mineral  is  reduced  to  a  fine  powder,  mixed  with  5 
or  6  times  its  weight  of  pure  calcium  carbonate,  with  a  little  sal- 
ammoniac,  and  the  mixture  is  heated  strongly  in  a  platinum  crucible 
for  an  hour.  The  shrunken  coherent  mass  is  digested  in  dilute 
hydrochloric  acid,  the  whole  evaporated  to  dryness,  acidulated 
water  added,  and  the  silica  separated  by  a  filter.  The  solution 
is  then  mixed  with  ammonium  carbonate  in  excess,  boiled  and 
filtered  ;  the  clear  liquid  is  evaporated  to  dryness  and  gently  heated 
in  a  platinum  crucible  to  expel  the  sal-ammoniac  ;  and  the  residue 
is  wetted  with  oil  of  vitriol,  gently  evaporated  once  more  to  dry- 
ness, and  ignited  :  pure  fused  lithium  sulphate  then  remains. 

The  metal  is  obtained  by  fusing  pure  lithium  chloride  in  a  small 
thick  porcelain  crucible,  and  decomposing  the  fused  chloride  by 
electrolysis.  It  is  a  white  metal  like  sodium,  and  very  oxidisable. 
Lithium  melts  at  180°;  its  density  is  0'59  ;  it  is,  therefore,  the  lightest 
'  solid  known. 

Lithium  hydroxide,  or  Lithia,  LiHO,  is  much  less  soluble  in  water 
than  the  hydroxides  of  potassium  and  sodium  ;  the  carhonatc  and 
phosphate  are  also  sparingly  soluble  salts.  The  chloride  crystallises 
in  anhydrous  cubes  which  are  deliquescent.  Lithium  sulphate  is  a 
very  beautiful  salt,  crystallising  in  lengthened  prisms  which  contain 
1  molecule  of  water.  It  gives  no  crystallisable  double  salt  with 
aluminium  sulphate,  probably  on  account  of  its  great  solubility. 

The  salts  of  lithium  colour  the  outer  flame  of  the  blow-pipe 
carmine-red.  The  spectral  phenomena  exhibited  by  lithium  com- 
pounds are  mentioned  on  jmge  333.    See  also  tlie  coloured  plate. 


CESIUM  AND  RUBIDIUM. 

Ca  =  133.    Eb  =  85-4. 

The  two  metals  designated  hy  these  names  were  discovered  by 
Bunsen  by  means  of  the  method  of  spectrum  analysis  :  the  former  in 
1860  and  the  latter  in  1861.  These  metals,  it  appears,  are  widely 
diffused  in  nature,  but  always  occur  in  very  snuill  quantities  :  they 
have  been  detected  in  many  mineral  waters,  as  well  as  in  some 
minerals,  namely,  lithia-mica  or  lepidolite,  in  petalite,  and  in  felsjiar  ; 
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they  liave  also  been  found  in  the  alkaline  ashes  of  beetroot.  The 
salt-spring  of  Diirckheim  contains  0-17  part  of  csesiuna  chloride  in  a 
million  parts  of  watei-,  but  it  appears  that  the  hot  spring  of  Wheal 
Clifford,  already  mentioned  as  a  source  of  lithium,  contains  1*71  parts 
of  ccesium  chloride  in  a  million,  or  0'12  grain  in  a  gallon. 

The  best  material  for  the  preparation  of  rubidium  is  lepidolite, 
which  has  been  found  to  contain  as  much  as  0"2  per  cent,  of  that 
metal.  Both  metals  are  closely  allied  to  potassium  in  their  deport- 
ment. 

Rubidium  and  cresium,  like  potassium,  form  dov\ble  salts  with 
tetrachloride  of  platinum,  which  are,  however,  much  less  soluble  than 
the  corresponding  potassium  salts  :  it  is  on  this  property  that  the 
separation  of  these  metals  I'rom  potassium  is  based.  The  mixture  of 
platinochlorides  is  repeatedly  extracted  with  boiling  water,  when  a 
difficultly  soluble  residue,  consisting  chiefly  of  the  platinochlorides 
of  ceesium  and  rubidium,  remains  ;  and  these  two  metals  are  finally 
separated  by  converting  them  into  tartrates,  rubidium  tartrate  re- 
quiring for  solution  eight  times  as  much  water  as  cresium  tartrate, 
and  therefore  crystallising  out  first  from  the  mixed  solution.  Ac- 
cording to  Cossa,  the  separation  is  best  effected  by  treating  a  solution 
of  cesium  and  rubidium  alums  with  antimony  trichloride  which 
throws  down  the  whole  of  the  ctesium,  leaving  the  rubidium  in 
solution. 

The  hydroxides  of  these  metals  are  powerful  alkalis  which  absorb 
carbon  dioxide  from  the  air,  passing  first  into  normal  and  then  into 
bicarbonates.  Ca3sium  carbonate  is  soluble  in  absolute  alcohol ; 
rubidium  carbonate  is  nearly  insoluble  in  that  liquid  :  this  property 
is  made  use  of  for  the  separation  of  these  two  metals.  Cajsium 
chloride  crystallises  in  cubes,  and  is  somewhat  more  soluble  in  water 
than  chloride  of  potassium. 

Rubidium  chloride,  in  a  fused  state,  is  easily  decomposed  by  the 
electric  current ;  the  metal  jtroduced  rises  to  the  surface  and  burns 
with  a  reddish  light.  If  this  experiment  be  performed  in  an  atmos- 
j)here  of  hydrogen,  to  prevent  oxidation,  the  separated  metal  is 
nevertheless  lost,  dissolving  in  the  fused  chloride,  which  is  trans- 
formed into  a  subchloride  having  the  blue  colour  of  smalt. 

Rubidium,  when  separated  under  mercury  by  the  electric  current, 
forms  a  silvery  crystalline  amalgam,  which  oxidises  rapidly  on  ex- 
posure to  the  air,  and  decomposes  water  at  ordinary  temperatures. 

Metallic  cajsium  cannot  readily  be  obtained,  either  by  the  elec- 
trolysis of  its  chloride,  or  by  heating  its  acid  tartrate  with  sugar, 
charcoal,  and  chalk,  but  it  may  be  prepared  by  electrolysis  of  its 
cyanide,  which  is  formed  on  passing  anhydrous  hydrocyanic  acid 
into  a  solution  of  ctesium  hydroxide  in  absolute  alcohol.  To  prepare 
the  metal,  a  mixture  of  barium  cyanide  (1  pt.)  and  ca'sium  cyanide 
(4  pts.)  is  fused  in  a  porcelain  crucible,  and  an  electric  current  is 
passed  through  the  molten  mass,  aluminium  poles  being  used.  On 
warming  the  contents  of  the  crucible  under  petroleum,  the  metal 
separates  into  globules.    Metallic  ciesium  ia  silver-white,  like  potas- 
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sium  and  rubidium,  and  soft  at  ordinary  temperatures ;  sp.  gr.  1  "88 
at  15°  ;  melting-point,  26-27°.  It  oxidises  quickly  in  the  air,  and 
takes  fire  when  thrown  on  water. 


AMMONIUM. 

The  ammonia  salts  are  most  conveniently  studied  in  this  place,  on 
account  of  their  close  analogy  to  those  of  potassium  and  sodium. 
These  salts  are  formed  by  the  direct  union  of  ammonia,  NH3,  with 
acids,  and  as  already  pointed  out  (p.  149),  they  may  be  regarded  as 
compounds  of  acid  radicles,  CI,  NO3,  SO4,  &c.,  with  a  basylous 
radicle,  NH4,  called  ammonium,  which  plays  in  these  salts  the 
same  part  as  potassium  and  sodinm  in  their  respective  compounds  ; 
thus : — ■ 


NH3 

Ammoiiia. 

+ 

HCl 

Hydrochloric 
acid. 

NH4.CI 
Ammonium 
chloride. 

NH3 

+ 

HNO3 
Nitric 
acid. 

NH4.N03 

Ammonium 
nitrate. 

NH3 

+ 

Sulphuric 
acid. 

NH4.SO4H. 
Acid  ammonium 
sulphate. 

2NH3 

+ 

(NH4),S0,. 

Normal  ammonium 
sulphate. 

The  radicle  NH.,  is  not  ca]mble  of  existing  in  the  free  state  ; 
it  is  simply  the  residue  which  is  left  on  removing  the  atom  of  chlorine 
from  the  saturated  molecule,  NH^Cl.    AVhether  the  double  molecule 
NH4 

NgHjj,  or  I      ,  is  capable  of  a  separate  existence,  is  a  differeut 

question.  Ammonium  is  said,  indeed,  to  be  capable  of  forming  an 
amalgam  with  mercury  ;  but  even  in  this  state  it  is  quickly  resolved 
into  ammonia  and  free  hydrogen. 

When  a  globule  of  mercury  is  placed  on  a  piece  of  moistened 
potassium  hydroxide,  and  connected  with  the  negative  side  of  a  voltaic 
battery,  the  circuit  being  completed  through  the  platinum  plate  upon 
which  the  alkali  rests,  decomposition  of  tlie  latter  takes  place,  and 
an  amalgam  of  potassium  is  rapidly  formed.  If  this  experiment  be 
now  repeated  Avith  a  piece  of  sal-ammoniac  instead  of  potassium 
hydroxide,  a  soft,  solid,  metalline  mass  is  also  produced,  which  has 
been  called  ammonium  amahjam,  and  considered  to  contain  am- 
monium, NH,„  in  combination  with  mcrcurj'.  A  simpler  method 
of  preparing  this  compound  is  to  place  a  mass  of  sodium  amalgam 
in  a  dish  and  cover  it  Avitli  a  saturated  solution  of  sal-ammoniac  in 
cold  water.    The  production  of  a  spongy  mass  instantly  commences, 
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the  mercury  increasing  prodigiously  in  volume,  and  becoming  quite 
pasty.  The  increase  of  weight  is,  however,  quite  trifling,  varying 
from  jgi^o  to  part.  Lett  to  itself,  the  amalgam  quickly  decom- 
poses into  fluid  mercury,  ammonia,  and  hydrogen.  It  is  probable, 
indeed,  that  the  so-called  amalgam  may  be  nothing  more  than 
mercury  which  has  absorbed  a  certain  quantity  of  these  gases  ;  just 
as  silver,  M'hen  heated  to  a  very  high  temperature,  is  caj)able  of 
taking  up  about  twenty  times  its  volume  of  oxygen  gas,  which  it 
gives  up  again  on  cooling. 

But  whether  ammonium  has  any  sejaarate  existence  or  not,  it  is 
quite  certain  that  many  ammoniacal  salts  are  isomorphous  with  those 
of  potassium  ;  and  if  from  any  two  of  the  corresponding  salts,  as  the 
nitrates  KNO3  and  NH4NO3,  we  subtract  the  radicle  NO3  common 
to  the  two,  there  remain  the  atom  K  and  the  group  NH^,  which  are, 
therefore,  supposed  to  be  isomorphous. 

Ammonium  Chloride,  Sal-Ammoniac,  NH4CI  or  NH3,HC1. — 

Sal-ammoniac  was  formerly  obtained  from  Egypt,  being  extracted 
by  sublimation  from  the  soot  of  camels'  dung  :  it  is  now  manufac- 
tured from  the  ammoniacal  liquid  of  the  gas-works,  and  from  the 
similar  liquid  obtained  from  various  forms  of  coke-oven,  and  in  a 
few  places  from  the  gases  of  the  blast-furnace  ;  it  is  also  obtained 
from  the  condensed  products  of  the  distillation  of  bones  and  other 
animal  refuse,  in  the  preparation  of  animal  charcoal. 

These  impure  and  highly  offensive  solutions  are  treated  with 
a  slight  excess  of  lime,  by  which  the  carbonate,  sulphide,  and  other 
salts  are  decomposed  and  ammonia  evolved  in  the  gaseous  state.  This 
is  passed  into  the  acid  contained  in  a  separate  vessel,  and  the  salt, 
which  ultimately  crystallises  from  the  liquid,  is  drained  and  then 
purified  by  sublimation  in  large  iron  vessels  lined  with  clay,  sur- 
mounted with  domes  of  lead.  Sublimed  sal-ammoniac  has  a  fibrous 
texture,  and  is  tough  and  difficult  to  powder. 

Sal-ammoniac  separates  from  its  aqueous  solution  in  radiate  groups 
of  small  but  distinct  cubes  and  octahedrons.  It  has  a  sharp  saline 
taste,  and  dissolves  in  2|  parts  of  cold,  and  in  a  much  smaller  quan- 
tity of  hot  water.  By  heat,  it  is  sublimed  without  decomposition. 
The  crystals  are  anhydrous.  Ammonium  chloride  forms  double  salts 
with  the  chlorides  of  magnesium,  nickel,  cobalt,  manganese,  zinc, 
copper,  and  other  metals. 

Experiments. — 1.  Mix  20  to  30  cubic  centimetres  of  .strong  hydro- 
chloric acid  with  an  equal  quantity  of  water,  and  add  solution  of 
ammonia,  with  continual  stirring,  till  a  drop  of  the  liquid  placed  on 
red  litmus  paper  turns  it  blue.  Evaporate  the  solution  to  half  its 
bulk,  and  let  it  cool.  If  crystals  are  not  formed,  evaporate  further 
and  cool  again.    Observe  the  form  of  the  crystals. 

2.  Place  about  a  gram  of  dry  sal-ammoniac  at  the  bottom  of  a  dry 
test-tube,  and  apply  heat.  The  salt  sublimes  without  melting,  and 
condenses  as  a  white  sublimate  upon  the  upper  cool  part  of  the  tube. 
No  residue  should  be  left. 


374 


AMMONIUM. 


Ammonium  Sulphate,  (NH4)2S04. — Prepared  hj  neutralising 
ammonium  carbonate  with  sulphuric  acid,  or  on  the  large  scale,  for 
use  as  a  manure,  by  passing  ammonia,  evolved  by  heating  gas-liquor 
with  lime,  into  sulphuric  acid  and  crystallising.  It  is  soluble  in 
2  parts  of  cold  water,  and  crystallises  in  long,  flattened,  six-sided 
prisms.  It  is  entirely  decomposed  and  driven  off  by  ignition,  and, 
even  to  a  certain  extent,  by  long  boiling  with  water,  ammonia  being 
expelled  and  the  liquid  rendered  acid. 

Ammonium  Nitrate,  (NH4)N03,  is  easily  prepared  by  adding 
ammonium  carbonate  to  slightly  diluted  nitric  acid  until  neutralisa- 
tion has  been  reached.  By  slow  evaporation  at  a  moderate  tempera- 
ture it  crystallises  in  six-sided  prisms,  like  those  of  potassium  nitrate  ; 
but,  as  usually  prepared  for  making  nitrogen  monoxide,  by  quick 
boiling  until  a  portion  solidifies  completely  on  cooling,  it  forms  a 
fibrous  and  indistinctly  crystalline  mass. 

Ammonium  nitrate  dissolves  in  2  parts  of  cold  water,  producing 
considerable  depression  of  temperature  ;  it  is  but  slightly  deliquescent, 
and  deflagrates  like  nitre  on  contact  with  heated  combustible  matter. 
Its  decomposition  by  heat  has  been  already  explained  (p.  161). 

Ammonium  Phosphates. — The  Normal  or  Trianimonium  Salt, 
(NH4)3P04,  is  obtained  as  a  crj^stalline  mass  when  the  diammonic 
salt  is  supersaturated  with  strong  aqueous  ammonia,  and  crystallises 
from  dilute  ammonia  in  short  prismatic  needles  containing  3  mole- 
cules of  water.  This  salt  decomposes  when  its  aqueous  solution  is 
boiled,  giving  oft"  two-thirds  of  its  ammonia. — The  diammonium  salt, 
(NH4)2HP04,  occurs  in  guano  from  Ichaboe,  and  is  deposited  in 
transparent  monoclinic  prisms,  when  an  aqueous  solution  of  phos- 
phoric acid  containing  excess  of  ammonia  is  left  to  evaporate. — The 
monoammonium  salt,  (NH4)H2P04,  formed  when  aqueous  phosphoric 
acid  is  added  to  aqueous  ammonia  till  the  solution  becomes  acid  and 
is  no  longer  precipitated  by  barium  chloride,  ciystallises  in  quadratic 
prisms,  isomorphous  with  the  corresponding  potassium  salt. 

Sodium,  Ammonium,  and  Hydrogen  Phosphate;  Phosphorus  Salt; 
Microcosmic  Salt,  Na(NH4)HP04,4H20. — Six  parts  of  common  sodium 
phosphate  are  heated  with  2  parts  of  water,  until  the  whole  is  lique- 
fied, and  1  part  of  powdered  sal-ammoniac  is  added  ;  common  salt 
then  separates,  and  may  be  removed  by  a  filter  ;  and  from  the  solu- 
tion, duly  concentrated,  the  microcosmic  salt  is  deposited  in  prismatic 
crystals,  ■which  may  be  purified  by  one  or  two  recrj- stall isations. 
Microcosmic  salt  is  very  soluble.  When  gently  heated,  it  parts  with 
its  4  molecules  of  crystallisation-water,  and,  at  a  higher  temperature, 
the  basic  hydrogen  is  likewise  expelled  as  water,  together  with  am- 
monia, and  a  very  fusible  compound,  sodium  metaphosjihate,  remains, 
which  is  valuable  as  a  fiux  in  blow-pipe  experiments.  Microcosmic 
salt  occurs  in  decomposed  urine. 

Ammonium  Carbonates. — There  are  three  definite  carbonates  of 
ammonia,  the  composition  of  which  is  as  follows  : — 
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Normal  or  Diammonium  carbonate, 
Ammonium-hydrogen  carbonate, 
Sesqui-carbonate, 


(NH4),H2(C03)3,H20. 


1.  The  normal  carbonate  is  prepared  by  addition  of  ammonia  to 
one  of  the  acid  salts,  or  of  water  to  the  carbamate  of  ammonia, 
CO2N2H13  (p.  377),  with  certain  special  precautions,  the  description 
of  which  is  too  long  for  insertion  in  this  work,  to  prevent  the  escape 
of  a  portion  of  the  ammonia.  It  crystallises  in  elongated  plates  or 
flattened  prisms,  having  a  caustic  taste,  a  powerful  ammoniacal 
odour,  and  easily  giving  off  ammonia  and  water,  whereby  they  are 
converted  into  the  acid  carbonate  : — 


2.  Ammonium  and  Hydrogen  Carbonate,  or  Monoammonic  Car- 
bonate, (NH4)HC03,  commonly  called  Bicarbonate  of  Ammonia. — This 
salt  is  obtained  by  saturating  an  aqueous  solution  of  ammonia,  or  of 
the  half-acid  carbonate,  with  carbonic  acid  gas  ;  or  by  treating  the 
finely  pounded  half-acid  carbonate  with  strong  alcohol,  which 
dissolves  out  normal  or  diammonium  carbonate,  leaving  a  residue  of 
the  monoammonium  salt.  Cold  water  may  be  used  instead  of  alcohol 
for  this  purpose  ;  but  it  dissolves  a  large  quantity  of  the  monoam- 
monium carbonate.  All  ammonium  carbonates  when  left  to  them- 
selves are  gradually  converted  into  monoammonium  carbonate.  This 
salt  forms  large  crystals  belonging  to  the  trimetric  system.  Accord- 
ing to  Deville  it  is  dimorphous,  but  never  isomorphous  with  mono- 
potassium  carbonate  ;  when  exposed  to  the  air,  it  volatilises  slowly, 
and  gives  off  a  faint  ammoniacal  odour.  It  dissolves  in  8  parts  of 
cold  water,  the  solution  decomposing  gradually  at  ordinary  tempera- 
tures, quickly  when  heated  above  30°,  with  evolution  of  ammonia. 
It  is  insoluble  in  alcohol,  but  when  exposed  to  the  air,  under  alcohol, 
it  dissolves  as  normal  carbonate,  evolving  carbon  dioxide. 

It  has  been  found  native  in  considerable  quantity  in  the  deposits 
of  guano  on  the  western  coast  of  Patagonia,  in  white  crystalline 
masses,  having  a  strong  ammoniacal  odour. 

3.  Tetrammonio-dihydric  Carbonate,  N4H^gC309  =  (NH4)4H2(C03)3. 
— This  salt,  commonly  called  Sesquicarbonate  of  Ammonia,  contains 
the  elements  of  1  molecule  of  diammonium  and  2  molecules  of 
monoammonium  carbonate,  into  which  it  is,  in  fact,  resolved  by 
treatment  with  water  or  alcohol  : — 


It  is  obtained  by  dissolving  the  commercial  carbonate  in  strong 
aqueous  ammonia,  at  about  30°,  and  crystallising  the  solution.  It 
forms  large  transparent  rectangular  prisms,  having  their  summits 
truncated  by  octahedral  faces.  These  crystals  decompose  very  rapidly 
in  the  air,  giving  off  water  and  ammonia,  and  being  converted  into 
monoammonic  carbonate. 

Commercial  carbonate  of  ammonia  {sal  volatile,  salt  of  hartshorn) 


(NH4)2C03,H20  =  NH3  +  H2O  +  (NH4)HC03. 


(NH,),H2(C03)3  =  (NH,)2C03  +  2(NH„)HC03. 
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consists  of  lialf-acid  carbonate  more  or  less  mixed  with  carbamate. 
It  is  prepared  on  the  large  scale  by  beating  a  mixture  of  1  part 
ammonium  chloride  or  sulphate,  and  2  parts  calcium  carbonate 
(chalk)  in  iron  retorts  or  cylinders. 

It  is  also  made  by  mixing  in  lead  chambers  ammonia  and  carbon- 
dioxide  gases  in  the  presence  of  water. 

Ammonium  Siilphides. — Several  of  these  compounds  exist,  and 
may  be  formed  by  distilling  with  sal-ammoniac  the  corresponding 
sulphides  of  potassium  or  sodium. 

Ammonmm  and  Hydrogen  Suli^hide,  or  Ammonium  Sydrosulphide, 
(NH4)HS,  is  obtained  by  saturating  a  solution  of  ammonia  with 
well-washed  sulphuretted  hydrogen  gas,  until  no  more  of  the  latter 
is  absorbed.  The  solution  is  nearly  colourless  at  first,  but  becomes 
yellow  after  a  time  if  it  has  been  exposed  to  the  air.  It  gives 
precipitates  with  most  metallic  solutions,  which  are  very  often  char- 
acteristic, and  is  of  great  service  in  analytical  chemistry. 

Exjperiment. — Fill  an  ordinary  reagent  bottle  with  common,  10  per 
cent.,  solution  of  ammonia,  and  pass  into  it  a  stream  of  w-ashed  HjS 
gas,  till  on  taking  a  small  portion  of  the  liquid  in  a  test-tube,  and 
adding  to  it  solution  of  magnesium  sulphate,  no  precipitate  is  visible. 
The  liquid  in  the  bottle  may  then  be  preserved  for  use. 


Ammoniacal  salts  are  easily  recognised  ;  they  are  all  decomposed 
or  volatilised  at  a  high  temperature  ;  and  when  heated  with  calcium 
hydroxide  or  solution  of  alkaline  carbonate,  they  give  otf  ammonia, 
which  may  be  recognised  by  its  odour  and  alkaline  reaction.  The 
salts  are  all  more  or  less  soluble,  the  acid  tartrate  and  the  phitiuo- 
chloridc  being,  however,  among  the  least  soluble  :  hence  ammonium 
salts  cannot  be  distinguished  fi-om  potassium  salts  by  the  tests  of 
tartaric  acid  and  i^latinum  solution.  When  a  .solution  containing 
an  ammoniacal  salt,  or  free  ammonia,  is  mixed  Avith  potash,  and  a 
solution  of  mercuric  iodide  in  potassium  iodide  is  added,  a  brown 
precipitate  or  coloration  is  immediately  produced,  consisting  of 
dimercurammouium  iodide,  NHggl.HaO: — 

NH3  -t-  2Hgl2  =  NHgJ  +  SHI. 

This  is  called  Nessler's  test ;  it  is  by  far  the  most  delicate  test  for 
ammonia  that  is  known. 

Amic  Acids  and  Ainides. 

Sulphamic  Acid. — Wlien  dry  ammonia  gas  is  passed  over  a  thin 
layer  of  sulphuric  oxide,  SO3,  the  gas  is  absorbed,  and  a  white  crystal- 
line powder  is  formed,  having  the  composition  N.,H,.S03,  tliat  is,  of 
ammonium  sulphate  minus  one  molecule  of  water  : — 

N2H0SO3  =  (NII.,),S04  -  II.O. 
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It  is  not,  however,  a  salt  of  sulplniric  acid  ;  for  its  aqueous  solution 
does  not  give  any  precipitate  with  baryta-water  or  soluble  barium 
salts.  It  is,  in  fact,  the  amraoniiini  salt  of  s  u  1  p  h  a  m  i  c  acid,  an 
acid  derived  from  sulphuric  acid,  SO4H2  or  S02(HO)2,  by  substitu- 
tion of  the  univalent  radicle,  NHg  (p.  260),  for  one  atom  of  liydroxyl, 
HO.  The  formula  of  this  acid  is  S02(NH2)(OH),  and  that  of  its 
ammonium  salt,  S02(NH2)(ONH4),  or  SOaNgHg.  Ammouium  sulph- 
amate  is  permanent  in  the  air,  and  dissolves  without  decomposition 
in  water.  Its  solution  evaporated  in  a  vacuum  over  oil  of  vitriol 
yields  the  salt  in  ftjCinspareut  colourless  crystals. 

Tlie  solution  of  the  ammonium  salt,  mixed  with  baryta-water, 
gives  off  ammonia,  and  yields  a  solution  of  harmm  suljyhamate, 
[S02(NH2)0]2Ba,  which  may  be  obtained  by  evaporation  in  well- 
defined  crystals  ;  and  the  solution  of  this  salt,  decomposed  with 
potassium  sulphate,  yields  potassium  sulphamate,  S02(NH2)(OK). 

Carbamic  Acid. — When  dry  ammonia  gas  is  mixed  with  carbon 
dioxide,  the  mixture  being  kept  cool,  the  gases  combine  in  the  pro- 
portion of  2  volumes  of  the  former  to  1  volume  of  the  latter,  forming 
a  pungent,  very  volatile  substance,  which  condenses  in  white  flocks. 
This  substance  has  the  composition  COgNgHg,  that  is,  of  normal 
ammonium  carbonate,  C03(NH4)2,  minus  one  molecule  of  water.  It 
exists,  as  already  observed,  in  commercial  carbonate  of  ammonia 
(p.  375).  It  was  formerly  called  anhydrous  carbonate  of  ammonia  ; 
but,  like  the  preceding  salt,  it  is  not  really  a  carbonate,  but  the 
ammonium  salt  of  c  a  r  b  a  m  i  c  acid,  C0(NH2)0H,  an  acid  derived 
from  carbonic  acid,  CO3H2,  or  C0(0H)2,  by  substitution  of  aniido- 
gen,  NHg,  for  one  hydroxyl-group.  Ammonium  carbonate  dis- 
solves readily  in  water,  and  quicldy  takes  uj)  one  molecule  of  tliat 
compound,  whereby  it  is  converted  into  normal  ammonium  carbo- 
nate. 

Carbamide,  CON2H4,  or  CO(NH2)2.— When  ammonia  gas  is  mixed 
with  carbon  oxychloride  or  phosgene  gas,  COG],,  a  wliite  crj'stalline 
powder  is  formed,  having  this  composition  : — 

COCI2  -f-  2NH3  =  2HC1  +  CON2H4. 

This  compound,  which  is  likewise  formed  in  other  reactions, 
is  derived  from  carbonic  acid,  C0(0H)2,  by  substitution  of  2 
atoms  of  amidogen  for  2  atoms  of  hydroxyl  (see  p.  264).  It 
differs  from  carbamic  acid  in  being  a  neutral  substance,  not  contain- 
ing any  hydrogen  easily  rejilaceable  Ijy  metals. 

Other  biba-sic  acids  likewise  yield  an  amic  acid  and  a  neutral 
amid  by  substitution  of  1  or  2  atoms  of  amidogen  for  hydroxyl. 
Tribasic  acids  yield  in  like  manner  two  amic  acids  and  one  neutral 
amide,  and  quadribasic  acids  may  yield  three  amic  acids  and  a 
neutral  amide  ;  tlius,  from  pyrophosphoric  acid,  F.fi^li^^V.fi^iOTLlt, 
are  olitained  tlie  tliree  amic  acids  P203(NIi2)(OH)3,  l'203(NU2).>(OH).„ 
and  P203(NIl2)301I. 
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Monotasic  acids,  which  contain  but  one  atom  of  hydroxy],  yield 
by  this  mode  of  substitution  only  neutral  amides,  no  amic  acids  : 
thus  from  acetic  acid,  C2H402=C2H30(OH),  is  obtained  acetamid, 
C2H30(NH2). 

By  similar  substitution  of  metals,  or  of  basylous  compound  radicles, 
for  the  hydrogen  of  ammonia,  basic  compounds,  callecl  amines,  are 
formed.  Thus,  when  potassium  is  gently  heated  in  ammonia  gas, 
monopotassamine,  NHgK,  is  formed.  It  is  an  olive-green  substance, 
which  is  decomposed  by  water  into  ammonia  and  potassium  hy- 
droxide : — 

NH:2K  +  H2O  -  NH3  +  KHO. 

It  melts  at  a  little  below  100°,  and  when  heated  in  a  close  vessel,  is 
as  resolved  into  ammonia  and  trijjotassmnine  : — 

3NH2K  =  2NH3  +  NK3. 

The  latter  effervesces  violently  with  water,  yielding  ammonia  and 
potassium  hydroxide  : — 

NK3  +  3H2O  =  NH3  +  3KH0. 

Metallammoniums. — These  are  hypothetical  radicles  derived  from 
ammoniums  (NHj)„,  by  substitution  of  metals  for  hydrogen.  Salts 
of  such  radicles  are  formed  in  several  ways.  Ammonia  gas  is  ab- 
sorbed by  various  metallic  salts  in  different  proportions,  forming 
compounds,  some  of  which  may  be  formulated  as  salts  of  metallara- 
moniums.  Thus,  platinous  chloride,  PtClj,  absorbs  two  molecules 
of  aiumonia,  forming  platosammonimn  chloride,  N2HgPt"Cl2,  and 
platinum  tetrachloride,  PtClj,  absorbs  four  molecules  of  ammonia, 
forming  platinammonium  chloride,  N4Hj2Pt'^Cl4.  In  like  manner, 
cupric  chloride  and  suliahate  form  the  chloride  and  sulphate  of 
cuprammonmm,  N2HgCu"Cl2,  and  N2H„Cu"S04. 

Similar  compounds  are  formed  in  many  cases  by  precipitating 
metallic  salts  with  ammonia  or  amnioniacal  salts  ;  thus,  ammonia 
added  to  a  solution  of  mercuric  chloride,  HgCl2,  forms  a  white  pre- 
cipitate, which  may  be  represented  as  inercurammonium  chloride, 
NH2Hg"Cl ;  and  by  dropping  solution  of  mercuric  chloride  into  a 
boiling  solution  of  sal-ammoniac  mixed  M-itli  free  ammonia,  crystals 
are  obtained,  consisting  of  mercuricdiammonium  chloride,  N2HgHg"Cl2. 
Some  of  these  compounds  will  be  further  considered  in  connection 
with  the  several  metals. 
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The  three  metals,  calcium,  s  t  r  o  n  t  i  m,  and  barium,  con- 
stituting this  group,  form  oxides  less  soluble  in  water  than  the  alkalis, 
but  exhibiting  similar  taste,  causticity,  and  action  on  vegetable  colours. 
These  metals  form  but  one  chloride,  e.g.,  CaCU  ;  their  carbonates  are 
insoluble  in  water ;  and  barium  sulphate  is  also  insoluble,  the  sul- 
phates of  calcium  and  strontium  slightly  soluble. 


CALCIUM. 

Symbol,  Ca.    Atomic  weight,  40. 

Calcium  is  one  of  the  most  abundant  and  widely  diffused  of  the 
metals,  though  it  is,  of  course,  never  found  in  the  free  state.  As 
carbonate,  it  occurs  in  a  great  variety  of  forms,  constituting,  as  lime- 
stone, entire  mountain  ranges. 

Calcium  was  obtained  in  an  impure  state  by  Davy,  by  means 
similar  to  those  adopted  for  the  preparation  of  barium  (q.v.). 
Matthiessen  prepared  the  pure  metal  by  fusing  a  mixture  of  two 
molecules  of  calcium  chloride  and  one  of  strontium  chloride  with 
some  chloride  of  ammonium  in  a  small  porcelain  crucible,  in  which 
an  iron  cylinder  is  placed  as  positive  pole,  and  a  pointed  iron  wire  or 
a  little  rod  of  carbon  connected  with  the  zinc  of  the  battery  is  made 
to  touch  the  surface  of  the  liquid.  The  reduced  metal  fuses  and 
drops  off  from  the  point  of  the  iron  wire,  and  the  bead  is  removed 
from  the  liquid  by  a  small  iron  spatula.  Lies-Bodart  and  Gobin 
prepare  calcium  by  igniting  the  iodide  with  an  equivalent  quantity 
of  sodium  in  an  iron  crucible  having  its  lid  screwed  down. 

Calcium  is  a  light  yellow  metal  of  sp.  gr.  1'5778.  It  is  about  as 
hard  as  gold,  very  ductile,  and  may  be  cut,  filed,  or  hammered  out 
into  plates  as  thin  as  the  finest  paper.  It  tarnishes  slowly  in  dry, 
more  quickly  in  damp  air,  decomposes  water  quickly,  and  is  still 
more  rapidly  acted  upon  by  dilute  acids.  Heated  on  platinum  foil 
over  a  spirit-lamp,  it  burns  with  a  bright  flash  ;  with  a  brilliant  light 
also  when  heated  in  oxygen  or  chlorine  gas,  or  in  vapour  of  bromine, 
iodine,  or  sulphur. 

Calcium  Chloride,  CaClj,  is  usually  prepared  by  dissolving 
marble  in  hydrochloric  acid  ;  it  is  also  a  bye-product  in  several 
chemical  manufactures.  It  separates  from  a  strong  solution  in 
colourless,  prismatic,  and  exceedingly  deliquescent  crystals,  which 
contain  six  molecules  of  water.  By  lieat  this  water  is  expelled,  and 
by  a  temperature  of  strong  ignition  the  salt  is  fused.    The  crystals 
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reduced  to  powder  are  employed  in  the  production  of  artificial  cold 
by  being  mixed  with  snow  or  powdered  ice  ;  and  the  chloride, 
strongly  dried,  or  in  the  fused  state,  is  of  great  use  in  desiccating 
gases,  for  which  purpose  the  latter  are  slowly  transmitted  through 
tubes  filled  with  fragments  of  the  salt.  Calcium  chloride  is  also 
freely  soluble  in  alcohol,  Avhich,  when  anhydrous,  forms  with  it  a 
definite  crystallisable  compound. 

The  bromide,  CaBrg,  and  iodide,  Calg,  closely  resemble  the  chlo- 
ride. 

Calcium  Fluoride,  Fluor-Spar,  CaFo,  is  important  as  the  most 
abundant  natural  source  of  hydrofluoric  acid  and  the  other  fluorides. 
It  occurs  beautifully  crystallised,  of  various  colours,  in  lead-veins, 
the  crystals  having  commonly  the  cubic,  but  sometimes  the  octahe- 
dral form,  parallel  to  the  faces  of  which  latter  figure  they  always 
cleave.  Some  varieties,  when  heated,  emit  a  gi-eenish,  and  some  a 
purple  phosphorescent  light.  The  fluoride  is  quite  insoluble  in 
water,  and  is  decomposed  by  oil  of  vitriol  in  the  manner  already 
mentioned  (p.  108).  CaF24-H2S04=2HF+CaS04. 

Calcium  Oxides. — Tim  Monoxide  or  Lime,  CaO,  may  be  obtained 
in  a  state  of  considerable  jDurity  by  heating  to  full  redness  for  some 
time  fragments  of  white  or  black  marble,  or,  better,  of  Iceland  spar. 
If  required  absolutely  pure,  it  must  be  made  by  igniting  to  white- 
ness, in  a  platinum  crucible,  an  artificial 
calcium  carbonate,  prepared  by  precipitat- 
ing the  nitrate  with  ammonia  carbonate. 
Lime  in  an  impure  state  is  prepared  for 
building  and  agricultural  purposes  by  cal- 
cining, in  a  kiln  (fig.  131),  the  ordinary 
limestones  which  abound  in  many  districts  ; 
a  red  heat,  continued  for  some  hours,  is 
sufficient  to  disengage  the  whole  of  the 
carbon  dioxide.  In  the  best  contrived  lime- 
kilns the  process  is  carried  on  continuously, 
broken  limestone  and  fuel  being  constantly 
thrown  in  at  the  top,  and  the  burned  lime 
raked  out  at  intervals  from  beneath.  Some- 
times, when  the  limestone  contains  silica, 
and  the  temperature  has  been  very  high, 
the  lime  refuses  to  slake,  and  is  said  to  be 
overbumed  ;  in  this  case  a  portion  of  silicate 
has  been  formed. 

Pure  lime  is  white,  and  often  very  hard  : 
it  is  quite  infusible  except  in  the  electric  furnace.  At  a  high  tem- 
perature it  emits  a  dazzling  white  light.  "When  moistened  with 
water,  it  slakes  with  great  violence,  cvolvin"  heat,  and  crumbling  to 
a  soft,  white,  bulky  powder,  Avhich  is  a  hydrate  containing  a  single 
molecule  of  water,  which  can  be  again  expelled  by  a  red  heat.  This 
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hydrate  or  liydroxicle,  CaHoO.,  or  CaOjHp,  is  soluble  in  water,  but 
I'ar  less  so  than  either  the  hydroxide  of  barium  or  of  strontium,  and, 
what  is  very  remarkable,  the  coldei-  the  water,  the  larger  is  the 
quantity  of  the  compound  that  is  taken  up.  A  pint  of  water  at 
15-5°  dissolves  about  11  grains,  while  at  100°  only  7  grains  are 
retained  in  solution.  The  hydroxide  has  been  obtained  in  thin 
delicate  crystals  by  slow  evaporation  under  the  air-pump.  liime- 
water  is  always  prepared  for  chemical  and  pharmaceutical  purposes 
by  agitating  cold  water  with  excess  of  calcium  hydroxide  in  a  closely- 
stopped  vessel,  and  then,  after  subsidence,  pouring  off  the  clear 
liquid,  and  adding  a  fresh  quantity  of  water,  for  another  operation. 
Lime-water  lias  a  strong  alkaline  reaction,  a  nauseous  taste,  and 
when  exposed  to  the  air  becomes  almost  instantly  covered  with  a 
pellicle  of  carbonate,  by  absorption  of  carbonic  acid.  It  is  used, 
like  baryta-water,  as  a  test  for  carbonic  acid,  and  in  medicine.  Lime- 
water  prepared  from  some  varieties  of  limestone  may  contain  traces 
of  alkalis  and  silica. 

The  hardening  of  mortars  and  cements  is  in  a  great  measure  due 
to  the  gradual  absorption  of  carbonic  acid ;  but  even  after  a  very 
great  length  of  time,  this  conversion  into  carbonate  is  not  complete. 
Mortar  is  known,  under  favourable  circumstances,  to  acquire  extreme 
hardness  with  age.  Lime  cements  which  resist  the  action  of  water 
contain  iron  oxides,  silica,  and  alumina  ;  they  require  to  be  carefully 
prepared,  the  stone  not  being  over-heated.  When  they  are  ground 
to  powder  and  mixed  with  water,  solidification  speedily  ensues,  from 
causes  not  yet  thoroughly  understood,  and  the  cement,  once  in  this 
condition,  is  unaffected  by  wet.  Eoman  cement  is  made  in  this 
manner  from  the  nodular  masses  of  calcareo-argillaceous  ironstone 
found  in  the  London  clay. 

Lime  is  of  great  importance  in  agriculture ;  it  is  found  more  or 
less  in  every  fertile  soil,  and  is  often  very  advantageously  added 
by  the  cultivator.  The  decay  of  vegetable  fibre  in  the  soil  is 
thereby  promoted,  and  other  important  objects,  as  the  destruction 
of  certain  hurtful  compounds  in  marsh  and  peat  land,  are  often 
attained.  The  addition  of  lime  probably  serves  likewise  to  liberate 
potassium  from  the  insoluble  silicate  of  that  base  contained  in  the 
soil. 

Experiment. — 1.  Place  a  mass  of  good  lime  (2  or  3  ounces)  on 
a  plate,  and  pour  on  a  small  quantity  of  hot  water.  After  a  few 
minutes  the  mass  gives  off  steam  and  breaks  up.  Add  small  quan- 
tities of  hot  water  as  long  as  it  is  absorbed.  Lime  requires,  theoreti- 
cally, about  one-third  of  its  weight  of  water  (CaO:Hi,0  =  56:18)  for 
the  production  of  the  hydrate. 

Stir  up  the  slaked  lime  in  half  a  gallon  of  water  contained  in  a 
Winchester  quart,  let  the  mixture  stand  till  clear,  and  preserve  the 
lime-water  for  use. 

2.  Place  small  quantities  of  solutions  of  silver  nitrate,  ferric 
chloride,  mercuric  chloride,  in  separate  beakers,  and  add  to  each  an 
excess  of  lime-water,  and  note  the  colour  of  the  precipitated  oxides. 
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Calcium  Dioxide,  CaOg,  is  obtained,  in  microscopic  crystals,  having 
the  composition  CaOajBHgO,  by  precipitating  lime-water  with  hydro- 
gen dioxide. 

Chloride  of  Lime,  Bleaching  Powder. — When  calcium  hydr- 
oxide, very  slightly  moist,  is  exposed  to  chlorine  gas,  the  latter  is 
absorbed,  and  a  compound  is  produced— the  bleaching  powder  of 
commerce — which  is  used  on  an  immense  scale  for  bleaching  linen 
and  cotton  goods.  At  the  commencement  of  the  process,  the  chlo- 
rine must  be  supplied  slowly,  so  as  to  avoid  rise  of  temperature. 
The  product,  when  fresh  and  well  prepared,  is  a  soft  white  powder 
which  attracts  moisture  slowly  from  the  air,  and  exhales  an  odour 
sensibly  different  from  that  of  chlorine.  It  is  soluble  in  about 
,  10  parts  of  water,  the  unaltered  hydroxide  being  left  behind  :  the 
solution  is  highly  alkaline,  and  bleaches  feebly.  When  calcium 
■  hydroxide  is  suspended  in  cold  water,  and  chlorine  gas  transmitted 
through  the  mixture,  the  lime  is  gradually  dissolved,  and  the  same 
peculiar  bleaching  compound  produced ;  the  alkalis  also,  either 
caustic  or  carbonated,  may  by  similar  means  be  made  to  absorb  a 
large  quantity  of  chlorine,  and  give  rise  to  corresponding  compounds  : 
such  are  the  "disinfecting  solutions"  of  Labarraque. 

The  composition  of  bleaching  powder  is  represented  by  the  formula 
CaOClj,  and  it  was  formerly  supposed  to  be  a  direct  comijound  of 
lime  with  chlorine.  This  view,  however,  is  not  consistent  with  its 
reactions,  for  when  distilled  with  dilute  nitric  acid,  it  readily  yields 
a  distillate  of  aqueous  hypochlorous  acid,  and  when  treated  with 
water  it  is  resolved  into  chloride  and  hypochlorite  of  calcium,  the 
latter  of  which  may  be  separated  in  crystals  by  exposing  the  filtered 
solution  to  a  freezing  mixture,  or  by  evaporating  it  in  a  vacuum  over 
oil  of  vitriol,  and  leaving  the  dense  frozen  mass  to  thaw  uj^on  a  filter. 
A  solution  of  calcium  chloride  mixed  with  hyijoclilorite  then 
passes  through,  and  feathery  crystals  remain  on  the  filter,  very 
unstable,  but  consisting,  when  recently  prepared,  of  hydrated 
calcium  hypochlorite,  Ca(OCl)2,4H20  (Kingzett).  These  results  seem 
at  first  sight  to  show  that  the  bleaching  powder  is  a  mixture  of  chlo- 
ride and  hypochlorite  of  calcium,  formed  according  to  the  equation, 

2CaO  +  2CI2  =  CaClo  +  CaClA  ; 

but  if  this  were  its  true  constitution,  the  powder,  when  digested 
with  alcohol,  ought  to  yield  a  solution  of  calcium  chloride  contain- 
ing half  the  chlorine  of  the  original  compound,  which  is  not  the 
case.  Its  constitution  is  therefore  better  represented  by  the  formula 
Cl.Ca.OCl,  suggested  by  Odliag,  this  molecule  being  decomposed 
by  water  into  chloride  and  hypochlorite  in  the  manner  just  explained, 
and  yielding,  with  dilute  nitric  acid,  a  distillate  containing  hypo- 
chlorous  acid  : — 


Ca(ClO),  +  2HN0a  =  Ca(N03)2  +  2HC10. 
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When  the  temperature  of  the  calcium  hydroxide  has  risen  during 
the  absorption  of  the  chlorine,  or  when  the  compound  has  been  sub- 
sequently exposed  to  heat,  its  bleaching  properties  are  impaired  or 
altogether  destroyed  :  it  then  contains  chlorate  and  chloride  of  cal- 
cium : — 

6CaCl.C10  =  5CaCl2  +  Ca(C103)2. 

The  same  change  seems  to  ensue  by  long  keeping,  even  at  the  com- 
mon temijerature  of  the  air.  In  an  open  vessel  the  comj^ound  is 
speedily  decomposed  by  the  carbonic  acid  of  the  air,  hypochlorous 
acid  being  evolved.  Commercial  bleaching  powder  thus  constantly 
varies  in  value  with  its  age,  and  with  the  care  originally  bestowed 
upon  its  preparation  :  the  best  may  contain  about  30  per  cent,  of 
available  chlorine,  easily  liberated  by  an  acid,  which  is,  however, 
far  short  of  the  theoretical  quantity. 

The  general  method  in  which  this  substance  is  employed  for 
bleaching  is  the  following  : — The  goods  are  first  immersed  in  a 
dilute  solution  of  chloride  of  lime,  and  then  transferred  to  a  vat  con- 
taining dilute  sulphuric  acid.  Decomposition  ensues  ;  the  calcium 
both  of  the  hypochlorite  and  of  the  chloride  is  converted  into  sul- 
phate, while  the  hypochlorous  and  hydrochloric  acids  yield  water 
and  free  chlorine  ;— 

CaOClg  +  H.,SOj  =  CaSO,  +  HCIO  +  HCl,  and 
HCIO  +  HCl  =  H2O  +  CI2. 

The  chlorine  thus  disengaged  in  contact  with  the  cloth  causes  de- 
struction of  the  colouring  matter.  The  process  is  rejDeated  several 
times,  since  it  is  unsafe  to  use  strong  solutions. 

On  the  same  principle,  white  patterns  are  imprinted  upon  coloured 
cloth,  the  figures  being  stamped  with  tartaric  acid  thickened  with 
gum-water,  and  then  the  stuff  immersed  in  the  chlorine  bath,  when 
the  parts  to  which  no  acid  has  been  applied  remain  unaltered,  while 
the  printed  portions  are  bleached. 

For  purifying  an  offensive  or  infectious  atmosphere,  as  an  aid  to 
proper  ventilation,  the  bleaching  powder  is  very  convenient.  The 
solution  is  exposed  in  shallow  vessels,  or  cloths  steeped  in  it  are  sus- 
pended in  the  apartment,  when  the  carbonic  acid  of  the  air  slowly 
decomposes  it  in  the  manner  above  described.  Addition  of  a  strong 
acid  causes  rapid  disengagement  of  chlorine. 

The  value  of  any  sample  of  bleaching  powder  may  be  estimated 
by  its  effect  in  oxidising  a  ferrous  salt  to  ferric  salt,  2  molecules  of 
ferrous  salt  requiring  for  the  purpose  2  atoms  of  chlorine,  according 
to  the  equation:  2FeS04 H2SO4  +  Cl2  =  2HCl -f- Fe2(S04).,.  To 
make  the  estimation,  0'784gram  of  pure  crystallised  ferrous  sulphate 
is  dissolved  in  water,  a  little  sulphuric  acid  is  added,  and  the 
solution  of  Ijleaching  powder  is  dropped  in  from  a  burette  till  the 
ferrous  salt  is  converted  into  ferric  salt.  The  completion  of  the 
reaction  is  ascertained  by  bringing  a  drop  of  the  solution,  together 
with  a  drop  of  potassium  ferricyanide,  on  a  white  plate,  until  no 
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further  coloration  is  observed.  A  simple  calculation  gives  the 
result,  the  above  quantity  of  ferrous  sulphate,  FeS04,7H20,  being 
equivalent  to  0*1  gram  of  chlorine. 

Experiment. — 1.  Dissolve  an  ounce  of  bleaching  powder  in  about 
a  pint  of  water,  and  filter  the  liquid.  Dip  into  it  a  piece  of  red 
calico  print,  notice  that  the  colour  slowly  fades.  Now  taice  a  piece  of 
the  same  print,  wet  it  first  with  dilute  sulphuric  acid,  and  then  dip  it 
into  the  bleaching  liquid  ;  the  colour  will  disappear  immediately. 

2.  Add  a  little  of  the  solution  to  solutions  of  lead  nitrate  and 
manganese  chloride  or  sulphate.  Dark-coloured  precipitates  are 
formed  consisting  of  the  peroxides  of  these  metals,  PbOg  and  MnOj.  ' 

Calcium  Sulphate,  CaS04. — Crystalline  native  calcium  sulphate, 
containing  2  molecules  of  water,  is  found  in  considerable  abun- 
dance in  some  localities  as  gijimim  :  it  is  often  associated  with  rock- 
salt.  When  regularly  crystallised,  it  is  termed  selenite.  Anhydrous 
calcium  sulphate  is  also  occasionally  met  with.  The  salt  is  formed 
by  precipitation,  when  a  moderately  concentrated  solution  of  calcium 
chloride  is  mixed  with  sulphuric  acid.  Calcium  sulphate  is  soluble 
in  about  500  parts  of  cold  water,  and  its  solubility  is  a  little  increased 
by  heat.  At  35°  the  solubility  attains  a  maximum,  and  1  part  of  the 
salt  dissolves  in  432  parts  of  water.  The  solubility  is  much  increased 
when  common  salt  or  ammonium  chloride  is  added  to  the  solution, 
but  it  is  much  diminished  by  the  addition  of  calcium  chloride.  But 
while  the  addition  of  common  salt  to  the  water  increases  the  solubility 
of  calcium  sulphate  till  the  proportion  of  salt  to  water  is  20  or  25  to 
100,  a  larger  quantity  diminishes  the  solubility  of  calcium  sulphate. 
At  20°  to  60°,  100  parts  of  water  to  which  20  parts  of  sodium  chloride 
have  been  added  dissolve  0"82  part  of  calcium  sulphate,  CaSO^,  which 
corresponds  to  rather  more  than  1  part  of  gypsum.  At  temperatures 
above  100°  the  solubility  of  calcium  sulphate  diminishes  whether 
chlorides  are  present  or  not.  Above  150°  calcium  sulphate  is  prac- 
tically insoluble  in  pure  water. 

Gypsum,  or  native  hydrated  calcium  sulphate,  is  largely  employed 
for  the  purpose  of  making  casts  of  statues  and  medals,  also  for 
moulds  in  the  porcelain  and  earthenware  manufiictures,  and  for  other 
applications.  It  is  exposed  to  heat  in  an  oven  where  the  temperature 
does  not  exceed  127°,  by  which  the  greater  part  of  the  water  of 
crystallisation  is  expelled,  and  it  is  afterwards  reduced  to  a  fine 
powder.  When  mixed  with  water,  it  solidifies  after  a  short  time, 
from  the  re-formation  of  the  same  hydrate  ;  but  this  effect  does  not 
happen  if  the  gypsum  has  been  over-heated.  It  is  often  called 
Plaster  of  Paris.  Artificial  coloured  marbles,  or  scagliola,  are 
frequently  prepared  by  inserting  pieces  of  natural  stone  in  a  soft 
stucco  containing  this  substance,  and  polishing  the  surface  when  the 
cement  has  become  hard.  Calcium  sulphate  is  one  of  the  most 
common  impurities  of  spring  water. 

The  peculiar  property  water  acquires  by  the  presence  of  calcium 
salts  is  termed  hardness.    It  manifests  itself  by  the  effect  such  waters 
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liave  upon  the  palate,  and  particularly  by  its  peculiar  ijeliaviour 
with  soap.  Hard  water  yields  a  lather  with  soap  only  after  the 
whole  of  the  calcium  sails  have  been  thrown  down  from  the  water 
in  the  form  of  an  insoluble  lime-soap.  The  hardness  produced  by 
calcium  sulphate  is  called  permanent  hardness,  since  it  cannot  be 
remedied  by  boiling  the  water.  Calcium  sulphate  gives  rise  to  a 
very  hard  crystalline  scale  upon  the  inner  surface  of  steam  boilers  in 
which  hard  water  is  used.  It  also  forms  a  crust  upon  the  pans  in 
which  brine  is  boiled  down  for  making  common  salt. 

Calcium  and  Potassium  Stdphate,  Ca^Oi^^^O^+H.f),  is  formed 
by  the  solutions  of  the  two  salts  mixed  together.  An  intimate  mix- 
ture of  equal  weights  of  the  anhydrous  salts,  stirred  up  with  less 
than  their  weight  of  water,  coagulates  suddenly  to  a  solid  mass. 
With  4  to  5  parts  of  water,  solidification  takes  place  more  slowly, 
and  the  mixture  may  be  used  for  taking  casts. — Calcium  and  Sodium 
Sulphate,  CaS04,Na2S04,  occurs  native  as  (jlauherite.  Needle-shaped 
crystals,  having  the  composition  CaS04,Na2S04,2H„0,  are  obtained 
on  mixing  1  part  precipitated  calcium  sulphate  and  50  parts 
Glauber's  salt,  and  heating  the  mixture  at  80°  with  25  parts  water. 
When  further  heated,  they  are  transformed  into  small  crystals  of 
glauberite. 

Calcium  Nitrate,  Ca(N03)2. — This  salt,  prepared  by  dissolving 
chalk  in  nitric  acid,  forms  in  tlae  anhydrous  state  a  white  porous  deli- 
quescent mass,  very  soluble  in  water  and  in  alcohol.  When  heated 
and  then  exposed  to  sunshine,  it  appears  lumin(jus  in  the  dark,  and 
is  hence  called  "Baldwin's  Pho.?phorus,"  from  the  name  of  the 
alchemist  Baldewein  or  Balduinus,  who  first  prepared  it.  It  is  often 
found  as  an  efflorescence  on  the  walls  of  stables  and  other  places 
through  which  urine  or  other  organic  liquids  percolate  :  hence  it 
has  been  called  lime-saltpetre  or  wall-saltpetre. 

Calcium  Phosphates.  —  The  Tricalcic  Salt,  Ca3(P04)2,  occurs, 
combined  with  chloride  and  fluoride  of  calcium,  in  apatite, 
which  crystallises  in  the  rhombohedral  system  ;  and  its  massive 
varieties,  phosphorite  and  extremadurite,  which  occur  in  Estremadura  in 
Spain,  have  the  composition  3Ca3(P04)2-l-CaF2,  the  fluorine  being 
sometimes  partly  replaced  by  chlorine.  Apatite  is  now  also  obtained 
in  considerable  quantities  from  Canada.  Tricalcic  phosi^hate  occurs 
pure  in  o  s  t  e  0 1  i  t  e,  a  mineral  found  near  Hanair  and  at  Amberg  in 
the  Erzgebirge ;  also  pure  in  o  r  n  i  t  h  i  t  e,  a  crystallised  mineral  found 
in  the  guano  of  Sombrero,  a  small  island  of  the  Antilles  group  ; 
and  mixed  with  an  aluminium  phosphate  in  s  o  m  b  r  e  r  i  t  e,  occur- 
ring also  in  the  same  islands.  Tricalcic  phosphate  is  also  the  cliief 
mineral  constituent  of  bones,  in  the  ash  of  wliich  it  occurs  to  the 
amount  of  about  80  per  cent.,  together  with  magnesium  phosjjhate, 
calcium  carbonate,  and  calcium  fluoride. 

Tricalcic  phosphate  is  obtained  as  a  white  precipitate  by  adding 
disodic  orthophosphate  (ordinary  phosphate  of  soda)  to  an  ammo- 
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niacal  solution  of  calcium  chloride.  It  is  nearly  insoluble  in  .water,' 
but  is  decomposed  by  prolonged  boiling  with  water  into  an  insoluble- 
hasic  salt,  Cii3(POj2  +  Ca2(P04)OH,  and  a  soluble  acid  salt.  It  dis- 
solves also  in  water  containing  ammoniacal  salts,  chloride  and  nitrate 
of  sodium,  and  other  salts  ;  easily  also  in  all  acids,  even  in  aqueous 
carbonic  acid. 

Monoccdcic  Orthophosphate,  CaHPOj,  separates  with  2  molecules  of 
water  as  a  white  crystalline  -precipitate,  on  treating  a  solution  of 
calcium  chloride  with  ordinary  sodium  phospliate.  It  occurs  in 
urinary  concretions,  and  is  sometimes  deposited  from  mine  in 
rosettes  or  stellate  groups  of  micro.scopic  crystals. 

Tetrahydro-calcic  Phosphate,  H4Ca(P04)2,  separates  in  rhombic 
tablets,  when  a  solution  of  either  of  the  preceding  salts  in  tlie 
requisite  quantity  of  phosphoric  acid  is  left  to  evaporate.  By 
treatment  with  boiling  water,  it  is  converted  into  the  anhydrous, 
monocalcic  salt,  and  with  cold  water  into  the  same  with  2H2O. 

Superphosphate  of  Lime. — This  name  is  applied  to  a  mixture  of 
monocalcic  orthophosphate  and  calcium  sulphate  prepared  on  the 
large  scale  by  treating  bone-ash,  coprolites,  phosphorites,  etc.,  with 
two-thirds  of  their  weight  of  sulphuric  ixeid.  It  is  used  for  the  pre- 
paration of  phosphorus,  and  very  largely  as  a  manure,  especially  for 
root-crops. 

Calcium  Hypophosphite,  Ca(P02H2)2,  a  salt  used  in  medicine, 
is  prepared  by  boiling  phosphorus  with  milk  of  lime,  and  .separate.^ 
from  the  clear  solution  on  evaporation  in  bright  flexible  four-sided 
prisms,  insoluble  in  alcohol. 

Calcium  Carbonate,  ChalJc ;  Liniesto7ie ;  Marhle ;  CaC03. — Cal- 
cium carbonate,  often  more  or  less  contaminated  with  iron  oxide 
clay,  and  organic  matter,  forms  rocky  beds,  of  immense  extent  ami 
thickness,  in  almost  every  part  of  the  world.  These  present  the 
greatest  diversities  of  texture  and  appearance,  arising,  partly 
from  changes  to  which  they  have  been  subjected  since  their 
deposition.  The  most  ancient  and  highly  crystalline  limestone.'^ 
are  destitute  of  visible  organic  remains,  while  those  of  more 
recent  origin  are  often  entirely  made  up  of  the  shelly  exuvite  of 
once-living  beings.  Sometimes  these  latter  are  of  such  a  nature  as 
to  show  that  the  animals  inhabited  fresh  water  ;  marine  species  and 
corals  are,  however,  most  abundant.  Cavities  in  limestone  and 
other  rocks  are  very  often  lined  with  magniticent  crystals  of  calcium 
carbonate  or  calcareous  spar,  which  have  evidently  been  slowly 
deposited  from  a  watery  solution.  Calcium  carbonate  is  always 
precipitated  when  an  alkaline  carbonate  is  mixed  with  a  solution  of 
a  calcium  salt. 

Although  this  substance  is  not  sensibly  soluble  in  pure  water,  it 
is  freely  taken  up  when  carbonic  acid  happens  at  the  same  time  to 
be  present  If  a  little  lime-water  be  poured  into  a  vessel  of  carbon 
dioxide  gas,  the  turbidity  first  produced  disappears  on  agitation,  and  a 
transparent  solution  of  calcium  carbonate  in  excess  of  carbonic  acid 
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is  obtained.  This  solution  is  decomposed  completely  by  .boiliiirr, 
the  carbonic  acid  beiiiff  expelled,  and  the  carbonate  precipitated. 
Since  all  natural  waters  contain  dissolved  carbonic  acid,  it  is  to  be 
expected  that  calcium  in  this  state  should  be  of  very  common 
occurrence  ;  and  such  is  really  found  to  be  the  fact,  river,  and  more 
especially  spring  water,  almost  invariably  containing  calcium  car- 
bonate thus  dissolved.  In  limestone  districts  this  is  often  the  case 
to  a  great  extent.  The  hardn-ess  of  water  due  to  the  presence  of 
calcium  carbonate,  is  called  temporary,  since  it  is  diminished  to  a 
very  considerable  extent  by  boiling,  and  may  be  nearly  removed  by 
mixing  the  hard  water  with  lime-water,  when  both  the  dissolved 
carbonate  and  the  dissolved  lime,  which  thus  becomes  carbonated, 
are  precipitated.  Upon  this  principle  Clark's  process  of  soften- 
ing water  is  based.  This  process  is  of  considerable  importance, 
since  a  supply  of  hard  water  to  towns  is  in  many  respects  a  source 
of  great  inconvenience.  As  already  mentioned,  the  use  of  such 
water,  for  the  purposes  of  washing,  is  attended  with  a  great  loss  of 
soap.  Boilers,  in  which  such  water  is  heated,  speedily  become 
lined  with  a  thick  stony  incrustation,  The  beautiful  stalactitic 
incrustations  of  limestone  caverns,  and  the  deposit  of  calc-sinter  or 
travertin  upon  various  objects,  and  upon  the  ground,  in  many  places, 
are  explained  by  the  solubility  of  calcium  carbonate  in  water  con- 
taining carbonic  acid. 

Experiment.  —  1.  Pass  COg  from  the  usual  apparatus  through 
clear  lime-water,  noting  the  formation  of  the  precipitate  of  calcium 
carbonate.  Continue  passing  in  the  gas  till  the  precipitate  has  re- 
dissolved.  The  resulting  solution  may  be  taken  to  represent  a  water 
having  considerable  temporary  hardness. 

2.  To  a  portion  of  this  solution  add  an  equal  bulk  of  clear  lime- 
water.  A  white  precipitate  is  formed  containing  the  whole  of  the 
lime,  leaving  the  water  soft. 

3.  Boil  a  portion  of  the  same  solution  for  five  minutes.  A  gritty 
precipitate  of  CaCOg  is  deposited,  and  the  water  is  rendered  soft. 

4.  Place  in  a  clear  stoppered  bottle  50  cubic  centimetres  of  dis- 
tilled water  and  add  to  it  a  small  measured  quantity,  say  5  c.c,  of 
soap-test.*  Shake  the  bottle,  and  observe  that  the  liquid  forms  a 
permanent  froth  or  lather. 

5.  Make  the  same  experiment,  using  water  from  the  tap.  Nearly 
all  common  waters  will  require  a  larger  quantity  of  soap  before  a  per- 
manent lather  is  produced  on  shaking.  A  comparison  may  thus  be 
made  between  different  waters,  and  a  rough  estimate  formed  of  the 
quantity  of  calcium  and  magnesium  salts  they  contain. 

Crystallised  calcium  carbonate  is  dimorphous ;  calc-sjiar  and 
arragonite,  although  possessing  exactly  the  same  chemical  composi- 
tion, have  different  crystalline  forms,  different  densities,  and  different 
optical  properties.    Calcium  carbonate  appears  in  the  form  of  calc- 

*  This  is  a  solution  of  a  neutral  soap  in  weak  spirit  of  wine.  It  may  be 
purchased  of  the  right  strength,  or  may  Vie  made  according  to  instructions 
given  in  most  works  on  (piantitative  analysis. 
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spar  when  deposited  from  its  solution  in  water  containing  carbonic 
acid  at  the  ordinary  temperature.  At  90°,  however,  and  at  the  boil- 
ing temperature,  it  is  chiefly  deposited  in  the  form  of  arragonite  ; 
at  lower  temperatures  the  formation  of  arragonite  decreases,  whilst 
that  of  calc-spar  increases,  the  limit  for  the  formation  of  the  former 
variety  being  between  30°  and  50°. 

Calc-ppar  occurs  very  abundantly  in  crystals  derived  from  an 
obtuse  rhombohedron,  whose  angles  measure  105°  5'  and  74°  55' :  its 
density  varies  from  2'5  to  2'8.  The  rarer  variety,  or  arragonite,  is 
found  in  crystals  whose  primary  form  is  a  right  rhombic  prism,  a 
figure  having  no  geometrical  relation  to  the  preceding  :  it  is,  besides, 
heavier  and  harder.    Density  =  2'92  to  3'28. 

Calcium  Sulphides.— The  monosulphide,  CaS,  is  obtained  by 
reducing  the  sulphate  at  a  high  temperature  with  charcoal  or  hydro- 
gen :  it  is  nearly  colourless,  and  tut  little  soluble  in  water.  By 
boiling  together  calcium  hydrate,  water,  and  flowers  of  sulphur,  a 
red  solution  is  obtained,  which,  on  cooling,  deposits  crystals  of  the 
bisulphide,  CaSj,  containing  water.  When  the  sulphur  is  in  excess, 
and  the  boiling  long  continued,  a  pentasulphide  is  generated  :  a  thio- 
sulphate  is  also  formed  during  these  reactions  : — 

3CaO  +  Sg  =  2CaS2  +  CaSfi^. 

When  the  yellow  solution  obtained  by  boiling  lime  with  excess  of 
sulphur  is  poured  out  into  an  excess  of  hydrochloric  acid,  sulphur  is 
precipitated  together  with  hydrogen  persulphide  (p.  125) ;  but  if  the 
acid  be  poured  into  the  solution  of  calcium  sulphide,  gaseous  hydrogen 
sulphide  is  given  off,  and  the  precipitate  formed  consists  wholly  of 
finely-divided  sulphur,  the  sulphur  precipitatum  of  the  Pharmacopoeia. 
If  dilute  sulphuric  acid  is  used,  the  precipitate  also  contains  gypsum. 

The  "  waste  "  left  after  the  "  black  ash  "  of  the  alkali-maker  has 
been  exhausted  with  water  consists  partly  of  limestone  and  coke  and 
partly  of  calcium  monosulphide,  which  usually  constitutes  about 
40  per  cent,  of  the  whole.  The  accumulation  of  heaps  of  this  material 
at  the  alkali  works  represents  a  serious  loss  to  the  manufacturer, 
besides  annoyance  to  the  neiglibourhood.  Eain  falling  upon  the 
heaps  brings  down  oxygen  and  carbonic  acid,  and  the  water  which 
runs  off  into  the  streams  or  drains  contains  a  quantity  of  the  more 
soluble  polysulphides  of  calcium.  These  compounds,  meeting  acid 
waste  liquors  from  other  processes,  or  even  under  the  action  of  the 
carbonic  acid  of  the  air,  give  off  hydrogen  sulphide  gas. 

One  of  the  most  successful  modes  of  dealing  with  the  drainage 
water  consists  in  oxidising  the  yellow  liquid  by  air,  assisted  by 
steam,  until,  on  testing  a  portion  of  the  liquid  with  hydrochloric,  no 
sulphuretted  hydrogen  is  evolved,  and  the  whole  of  the  sulphur  is 
precipitated.  The  liquid  in  this  state  contains  calcium  polysulphides, 
together  with  thiosulphate,  and  the  action  of  the  acid  is  represented 
as  follows  : — 

2CaSi^  -I-  CaS^Oa  +  6HCI  =  SCaCl^  +  3IL0  +  (4  +  .t)S. 
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The  sulphur  is  allowed  to  settle,  and  the  clear  solution  of  calcium 
chloride  drained  oiT. 

But  tlie  cost  of  hydrochloric  acid  is  too  great  to  permit  of  the 
application  of  this  method  to  the  whole  of  the  waste  as  it  is  taken 
from  the  tanks,  and  various  attempts  have  been  made  to  deal  with 
it  profitably.    Of  these,  two  processes  may  be  mentioned  in  outline. 

1.  The  process  of  Schaffner  and  Helbig.  In  this  the  fresh  waste 
is  treated  with  strong  solution  of  magnesium  chloride,  whereby  pure 
H^S  is  evolved  : — 

CaS  +  MgCla  +  H^O  =  CuCl^  +  MgO  +  H2S. 

The  gas  is  conveyed  away,  and  either  treated  separately  for  the 
recovery  of  the  sulphur  or  it  is  burnt,  and  the  products  conveyed 
into  an  ordinary  lead  chamber  for  making  vitriol.  The  next  step  is 
to  expose  the  residual  mixture  of  calcium  chloride  and  magnesia  to 
the  action  of  carbonic  acid  gas  under  slight  pressure  : — 

MgO  +  CaClg  +  CO2  =  MgClg  +  CaCOg. 

The  magnesium  chloride  is  thus  regenerated  for  use  in  a  subsequent 
operation,  and  the  calcium  carbonate  which  is  precipitated  is  strained 
otf,  and  used  in  making  black  ash. 

This  process,  in  the  hands  of  Messrs  Chance  Brothers,  was  a  com- 
plete success  as  a  manufacturing  operation,  but  commercial  considera- 
tions, chiefly  connected  with  the  fall  in  price  of  pyrites,  led  to  its 
abandonment. 

2.  CJiance's  Process. — This  has  been  made  the  subject  of  a  patent,  and 
is  now  in  successful  operation.   It  has  been  described  on  pp.  118, 119. 

Calcium  Phosphide. — When  vapour  of  phosphorus  is  passed 
over  fragments  of  lime  heated  to  redness  in  a  jjorcelain  crucible,  a 
chocolate-brown  compound,  the  so-called  j)hosj}lmret  of  lime,  is  pro- 
duced. This  substance  is  probably  a  mixture  of  calcium  phosphide 
and  phosphate.  When  thrown  into  water,  it  yields  spontaneously 
inflammable  hydrogen  phosphide.  According  to  Paul  Thenard,  the 
calcium  phosphide  in  this  compound  has  the  composition  P2Ca2.  In 
contact  with  water  it  yields  liquid  hydrogen  phosphide,  P2H4  (p.  1/3) 

P2Ca2  +  2H2O  =  2CaO  +  V^Yi^ : 

and  the  greater  portion  of  this  liquid  phosphide  is  immediately 
decomposed  into  solid  and  gaseous  hydrogen  phosphide  :  6P2H4  = 
P4H2+6PH3. 

Calcium  Carbide,  CaCg. — This  compound  is  obtained  by  heating 
a  mixture  of  lime  and  charcoal  in  an  electric  lurnace,  an  arrangement 
by  which  a  substance  may  be  exposed  in  a  carbon  crucible  to  the 
temperature  of  the  electric  arc,  produced  by  bringing  together  two 
carbim  electrodes  of  which  one  may  be  the  bottom  of  tlie  crucible 
itself. 
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Calciulu  carbide  is  a  dark  coloured  suLslance  which  in  conlact 
with  water  is  decomposed,  yielding  acetylene  (p.  194)  and  is  now 
nianutactured  on  a  considerable  scale  lor  the  production  of  this  gas 
as  an  illnminaiit. 

For  the  tests  used  in  the  detection  and  recognition  of  calcium  salts, 
see  p.  394. 

For  the  spectroscopic  behaviour  of  calcium  salts,  see  the  coloured 
plate. 


STRONTIUM. 

Symbol,  Sr.    Atomic  M'eight,  87'3. 

This  element  occurs  as  carbonate  in  the  mineral  called  Sfroniianite, 
found  at  Strontian,  in  Argyleshire,  also  as  sulphate  or  Cwlestin ;  in 
small  quantity,  as  chloride  or  sulphate  in  many  brine-springs  and 
mineral  waters,  in  sea-water,  and  in  the  ash  of  Funis  vesiciilosus. 

Metallic  strontium  was  discovered  by  Davy,  who  obtained  it  by 
electrolysis  of  the  moistened  oxide  or  of  the  aqueous  chloride,  but 
it  is  more  readily  prepared  by  electrolysis  of  the  fused  anhydrous 
chloride.  A  small  porcelain  crucible  having  a  porous  cell  is  filled 
with  strontium  chloride  mixed  with  a  little  sal-ammoniac  ;  a  fine 
iron  wire  placed  within  the  cell  constitutes  the  negative  pole,  and 
the  postive  pole  is  an  iron  cylinder  placed  in  the  crucible  round  the 
cell.  The  heat  is  regulated  so  that  a  crust  forms  in  the  cell,  and  the 
metal  collects  under  this  crust  (Mattliiessen). 

Strontium  is  a  yellow  metal,  somewhat  harder  than  calcium, 
malleable,  and  having  a  density  2'5.  It  melts  at  a  red  heat,  oxidises 
quickly  in  the  air,  burns  brilliantly  when  heated,  and  decomposes 
water  at  common  temperatures. 

Strontium  Chloride,  SrCl,,  prepared  by  dissolv  ing  the  carbonat* 
in  hydrochloric  acid,  crystallises  in  colourless  needles  or  prisms, 
SrC1.2,6H^O,  Avliich  are  slightly  deliquescent,  dissolved  in  2  parts  of 
cold,  and"  in  a  smaller  quantitj^  of  boiling  water;  also  in  alcohol, 
forming  a  solution  which  burns  with  a  crimson  flame. 

Oxides, — The  Monoxide  or  Strontia,  prepared  by  ignition  of  the 
nitrate,  is  a  greyish-Avhite  porous  infusible  mass.  It  unites  readily 
with  a  small  quantity  of  water,  forming  a  white  powder  of  strontium 
hydroxide,  Sr(OH)^,  which  dissolves  readily  in  hot  water,  and 
separates  on  cooling  as  a  hydrate,  Sr(OH)^,8HoO,  soluble  in  50  parts 
cold,  and  2"4  of  boiling  Avater.  The  solution  is  alkaline  and  caustic, 
but  less  so  than  those  of  the  alkalis  or  of  baryta.  Strontia  acquired 
a  few  years  ago  some  importance  from  its  employment  in  connection 
with  the  refining  of  sugar. 

The  Dioxide,  iivO.,,  is  prepared  by  the  action  of  hydrogen  dioxido 
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oil  strontia-water,  ami  separates  in  pearly  scales  containing  2  mole- 
cules of  water,  which  they  give  off  when  heated. 

Strontium  Sulphate,  SrS04,  occures  native  in  rhombic  crystals 
and  fibrous  masses  sometimes  having  a  light  blue  colour :  hence 
called  ccelestin.  The  same  compound  is  thrown  down  as  a  white 
precipitate,  sp.  gr.  3'707,  when  sulphuric  acid  or  a  soluble  sulphate 
is  added  to  a  solution  of  a  strontium  salt.  It  is  intermediate  in  solu- 
bility between  the  sulphates  of  calcium  and  barium,  and  less  soluble 
in  boiling  than  in  cold  water. 

Strontium  Nitrate,  Sr(N03)2,  crystallises  in  anhydrous  octa- 
hedrons, soluble  in  5  parts  of  cold,  and  about  half  their  weight  of 
boiling  water.  It  is  chiefly  of  value  to  the  pyrotechnist,  who 
employs  it  in  the  composition  of  the  well  known  "red  fire."* 

Strontium  Carbonate,  SrCOg,  occurs  as  strontianite  in  crystals 
isomorphous  with  those  of  arragonite,  and  is  obtained  by  precipita- 
tion as  a  white  impalpable  powder,  having  a  density  of  3'62.  When 
boiled  with  sal-ammoniac,  it  is  converted  into  the  chloride. 

All  strontium  compounds  impart  a  deep  crimson  colour  to  the 
Hame  of  alcohol.  Their  spectral  reactions  have  been  already  noticed 
(p.  333),  see  also  the  coloured  plate.  For  their  reactions  with  lic|uid 
reagents,  see  page  394. 


BARIUM. 

Symbol,  Ba.    Atomic  weight,  137. 

The  name  Barium  is  derived  from  ^apvs,  heavy,  in  allusion  to  the 
great  density  of  the  native  carbonate  and  sulphate. 

This  metal  occurs  abundantly  as  sulphate  and  carbonate,  forming 
the  veiiistone  in  many  lead  mines.  Davy  obtained  it  in  the  metallic 
.state  by  electrolysis  of  a  salt  of  barium  using  mercury  as  the 
negative  electrode,  or  by  electrolysing  hydrate  of  barium  mixed 
with  o.xide  of  mercury.  In  either  case  an  amalgam  is  obtained 
from  which  the  mercury  can  afterwards  be  expelled  by  heat, 
liiiusen  subjected  barium  chloride  mixed  to  a  paste  with  water  and  a 


*  Red  Fire  :  Grains. 
Dry  stroiitiiiiii  nitrate,  800 
Sulphur,     .       .  .225 
Potassium  chlorate,    .  200 
Lampblack,       .       .  50 


Grren  Fire  ;  Grains. 

Dry  Ijariuni  nitrate,  .  450 

Sulphur,    .       .  .  1.50 

Potassium  chlorate,  .  100 

Lampblack,       .  .  25 


The  strontium  or  barium-salt,  the  sulphur,  and  the  lampblack  must  bo  finely 
l>ow(lBre(l  and  intimately  mixed,  after  which  the  potassium  chlorate  should  be 
Jidiled  in  ratlier  coarse  powder,  without  rublnug,  with  tlio  other  ingredients. 
The  red  fire  conipositiou  has  been  known  to  ignite  spontaneously. 


392 


METALS  OF  THK  ALKALINE  EARTHS. 


little  hydrocliloric  acid,  at  a  temperature  of  100°,  to  tlie  action  of  the 
electric  current,  using  an  amalgamated  platinum  wire  as  the  nega- 
tive pole.  In  this  manner  the  metal  was  obtained  as  a  solid,  highly 
crystalline  amalgam,  which,  when  heated  in  a  stream  of  hydrogen, 
yielded  barium  in  the  form  of  a  tumefied  mass,  tarnished  on  the 
surface,  but  often  exhibiting  a  silver-white  lustre  in  the  cavities. 
Barium  may  also  be  obtained,  though  impure,  by  passing  vapour  of 
potassium  over  the  red-hot  chloride  or  oxide  of  barium.  It  is 
malleable,  melts  below  a  red  heat,  decomposes  water,  and  gradually 
oxidises  in  the  air. 

Barium  Chloride,  EaCl2,2Hi,0,  is  prepared  by  dissolving  the 
native  carbonate  in  hydrochloric  acid,  filtering  the  solution,  and  eva- 
porating until  a  pellicle  begins  to  form  at  the  surface  :  the  solution 
on  cooling  deposits  crystals.  When  native  carbonate  cannot  be  pro- 
cured, the  native  sulphate  may  be  employed  in  the  following 
manner  : — It  is  reduced  to  fine  powder,  and  intimately  mixed  with 
one-third  of  its  weight  of  powdered  coal :  the  mixture  is  pressed 
into  an  earthen  crucible  to  which  a  cover  is  fitted,  and  exposed  for 
an  hour  or  more  to  a  red  heat,  by  which  the  sulphate  is  converted 
into  sulphide  at  the  expense  of  the  combustible  matter  of  the  coal ; 
the  black  mass  thus  obtained  is  powdered  and  boiled  in  water,  by 
Avhich  the  sulphide  is  dissolved  ;  and  the  solution,  filtered  hot,  is 
mixed  with  a  slight  excess  of  hydrochloric  acid.  Barium  chloride 
and  hydrogen  sulphide  are  then  produced,  the  latter  escaping  with 
effervescence.  Lastly,  the  solution  is  filtered  to  separate  any  little 
insoluble  matter,  and  evaporated  to  the  crystallising  point. 

The  crystals  of  barium  chloride  are  flat  four-sided  tables,  colour- 
less and  transparent.  They  contain  two  molecules  of  water,  easily 
driven  off  by  heat.  100  parts  of  water  dissolve  43'5  parts  at  15"5°, 
and  78  parts  at  104*5°,  which  is  the  boiling  point  of  the  saturated 
solution. 

Barium  Oxides. — The  Monoxide  or  Baryta,  BaO,  is  best  prepared 
by  decomposing  the  crystallised  nitrate  by  heat  in  a  capacious  porce- 
lain crucible  until  red  vapours  are  no  longer  disengaged  :  the  nitrate 
is  then  resolved  into  nitric  peroxide,  oxygen  and  baryta,  which 
remains  behind  in  the  form  of  a  greyish  spongy  mass,  fusible  at  a 
high  temperature.  When  moistened  with  water  it  combines  into 
a  hydrate,  with  great  elevation  of  temiDerature.  The  Hydroxide  or 
Hydrate,  BaH202=BaO,H20)  is  prepared  on  the  large  scale  by  de- 
composing a  hot  concentrated  solution  of  barium  chloride  with  a 
solution  of  caustic  soda;  on  cooling,  crystals  of  barium  hydrate  are 
deposited,  which  may  be  purified  by  recrystallisation.  In  the  labora- 
tory barium  hydrate  may  be  prepared  by  boil  in"  a  strong  solution  of 
the  sulphide  with  small  successive  portions  of  black  oxiile  of  copper 
until  a  drop  of  tlie  licjuid  ceases  to  form  a  black  precipitate  with 
lead  salts:  the  filtered  liquid  on  cooling  yields  crystals  of  the  hydrate. 
The  crystals  of  barium  hydrate  contain  BaHjOoiSHgO  ;  they  fuse 
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easily,  and  lose  their  water  of  ;crystallisation  when  strongly  heated, 
leaving  the  hydroxide,  BaH.Pj)  the  form  of  a  white,  soft  powder, 
wliich  readily  absorbs  carbon  dioxide  when  exposed  to  the  air,  and 
is  soluble  in  20  parts  of  cold  and  2  parts  of  boiling  water.  The 
solution  is  a  valuable  reagent :  it  is  highly  alkaline  to  test-paper, 
and  instantly  rendered  turbid  by  the  smallest  trace  of  carbonic  acid. 

The  Dioxide,  BaO.2,  may  be  formed  as  already  mentioned,  by 
exposing  baryta,  heated  to  full  redness  in  a  porcelain  tube,  to  a 
current  of  pure  o.xygen  gas.  It  is  grey,  and  forms  with  water  a 
white  hydrate,  wliich  is  not  decomposed  by  that  liquid  in  the  cold, 
but  dissolves  in  small  quantity.  Barium  hydroxide,  when  heated  to 
redness  in  a  current  of  dry  atmospheric  air,  gives  off  water,  and  is 
converted,  by  absorption  of  oxygen,  into  barium  dioxide,  Jrom  which 
the  second  atom  of  oxygen  may  be  expelled  at  a  higher  temperature. 
These  reactions  are  utilised  for  the  preparation  of  oxygen  upon  a  large 
scale  (p.  35).  The  dioxide  may  also  be  made  by  heating  pure  baryta 
to  redness  in  a  platinum  crucible,  and  then  gradually  adding  an 
equal  weight  of  potassium  chlorate,  whereby  barium  dioxide  and 
potassium  chloride  are  produced.  The  latter  may  be  extracted  by 
cold  water,  and  the  dioxide  left  in  the  state  of  hydrate.  It  is  used 
for  the  preparation  of  hydrogen  dioxide  (p.  226).  When  dissolved 
in  dilute  acid,  it  is  decomposed  by  potassium  dichromate,  and  by  the 
oxide,  chloride,  sulphate,  and  carbonate  of  silver. 

Oxysalts  of  Barium. — The  Nitrate,  Ba(N03)2,  is  prepared  by 
methods  exactly  similar  to  those  adopted  for  preparing  the  chloride, 
nitric  acid  being  substituted  for  hydrochloric.  It  crystallises  in 
transparent  colourless  anhydrous  octahedrons,  requiring  for  solution 
8  parts  of  cold  and  3  parts  of  boiling  water.  This  salt  is  much  less 
soluble  in  dilute  nitric  acid  than  in  pure  water.  Errors  sometimes 
arise  from  such  a  precipitate  of  crystalline  barium  nitrate  being  mis- 
taken for  sulphate.  It  disappears  on  heating,  or  by  addition  of 
water. 

The  Sulphate,  BaS04,  is  found  native  as  heavy  spar  or  barytes, 
often  beautifully  crystallised  :  its  density  is  as  high  as  4*4  to  4'8. 
This  compound  is  always  produced  when  sulphuric  acid  or  a 
soluble  sulphate  is  mixed  with  a  solution  of  a  barium  salt.  It  is 
not  sensibly  soluble  in  water  or  in  dilute  acids  :  even  in  nitric 
acid  it  is  almost  insoluble  ;  hot  oil  of  vitriol  dissolves  a  little,  but 
the  greater  part  separates  again  on  cooling.  Barium  sulphate  is 
produced  artificially  on  a  large  scale,  and  is  used  as  a  substitute  for 
white  lead  in  the  manufacture  of  oil-painte.  The  sulphate  to  be 
used  for  this  purpose  is  precipitated  from  very  dilute  solutions  :  it  is 
known  in  commerce  as  blanc  fixe.  Powdered  native  barium  sulphate, 
being  rather  crystalline,  has  not  sufiicient  body.  For  the  production 
of  sulphate,  the  chloride  of  barium  is  first  prepared,  which  is  dis- 
solved in  a  large  quantity  of  water,  and  then  precipitated  by  dilute 
sulphuric  acid. 

The  Carbonate,  BaCOj,  is  found  native  as  witherite,  and  may  be 
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formed  artificially  by  precipitating  the  chloride  or  nitrate  with  an 
alkaline  carbonate,  or  carbonate  of  ammonia.  It  is  a  heavy,  white 
powder,  very  sparingly  soluble  in  water,  and  chiefly  useful  in  the 
preparation  of  other  barium  salts. 

Barium  Sulphides. — The  Monosuljyhide,  BaS,  is  obtained  in  the 
manner  already  described  (p.  392) ;  the  higher  sulphides  may  be 
formed  by  boiling  it  with  sulphur.  Barium  monosulphide  crystal- 
lises from  a  hot  solution  in  thin,  nearly  colourless  plates,  which  con- 
tain water,  and  are  not  very  soluble  :  they  are  rapidly  altered  by  the 
air.  A  strong  solution  of  this  sulphide  may  be  employed,  as  already 
described,  in  the  jireparation  of  barium  hydroxide. 

Reactions  of  the  Alkaline  Earth-Metals  in  Solution. — 

Barium,  strontium,  and  calcium  are  distinguisiied  from  all  other 
substances,  and  from  each  other,  by  the  following  charactei-s  : — 

Caustic  potash,  when  free  from  carbonate,  and  caustic  ammoma, 
occasion  no  precipitates  in  dilute  solutions  of  the  alkaline  earths, 
esi^ecially  of  the  last  two,  the  hydrates  being  soluble  in  water. 

Alkaline  carbonates,  and  carbonate  of  ammonia,  give  white  precij^i- 
tates,  insoluble  in  excess  of  the  precipitant,  with  all  three. 

Sulphunc  acid,  or  a  sulphate,  added  to  very  dilute  solutions  of 
the  salts  of  these  metals,  gives  an  immediate  white  precipitate  with 
barium  salts  ;  and  a  similar  jjrecipitate  after  a  short  interval  with 
strontium  salts  ;  no  change  with  calcium  salts.  The  precipitates 
with  barium  and  strontium  salts  are  insoluble  in  nitric  acid. 

Solution  of  calcium  sulpihate  gives  an  instantaneous  cloud  with 
barium  salts  ;  also  with  strontium  salts  after  a  little  time. 

Strontium,  sulphate  is  itself  sufficiently  soluble  to  occasion  turbidity 
when  mixed  with  barium  chloride. 

Lastly,  the  soluble  oxalates  give,  in  the  most  dilute  solutions  of 
calcium  salts,  a  white  precipitate,  which  is  not  dissolved  by  a  drop 
or  two  of  hydrochloric,  or  by  an  excess  of  acetic  acid.  This  is  an 
exceedingly  characteristic  test. 

The  chlorides  of  strontium  and  calcium  dissolved  in  alcohol,  colour 
the  flame  of  the  latter  red  or  purple  :  banum  salts  communicate  to 
the  flame  a  pale  green  tint. 

Silicofliioric  acid  gives  a  white  precipitate  with  barium  salts,  none 
with  salts  of  strontium  or  calcium. 


MAGNESIUM  GROUP, 
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Beryllium. 
Miignesiuin. 


Zinc. 

Cddmium. 


These  metals  are  all  diads.  They  are  volatile,  and  burn  brightly 
when  heated  in  the  air.  They  decompose  water  at  high  tempera- 
tures only,  but  dissolve  readily  at  ordinary  temperatures  in  hydro- 
chloric and  dilute  siilphuric  acid,  with  evolution  of  hydrogen.  Each 
forms  only  one  oxide  and  one  sulphide.  The  sulphates  are  soluble 
in  water  ;  the  oxides,  the  normal  carbonates,  and  the  phosphates  are 
inso  uble. 


This  somewhat  rare  metal  occurs  as  a  silicate,  either  alone  as  in 
phenacite,  or  associated  with  other  silicates,  in  beryl,  emerald, 
euclase,  leucophane,  helvite,  and  several  varieties  of  gadolinite  ;  also 
as  an  aluminate  in  chrysoberyl  or  cymophane. 

Metallic  beryllium  is  obtained  by  passing  the  vapour  of  the 
chloride  over  melted  sodium.  It  is  a  white,  hard  crystalline  metal  of 
density  1"85  ;  its  melting  point  is  below  that  of  silver.  It  does 
not  decompose  boiling  water.  Sulphuric  and  hydrochloric  acids 
dissolve  it,  with  evolution  of  hydrogen. 

Beryllium  forms  but  one  class  of  compounds,  its  chloride  being 
BeCl2,  its  oxide  BeO. 

There  has  been  much  discussion  as  to  the  atomic  weight  of  this 
element,  but  the  .specific  heat  of  the  nearly  pure  metal  has  been 
found  to  be  approximately  '62,  which,  multiplied  by  the  atomic 
weight,  9"1,  gives  a  product,  5"64,  as  the  atomic  heat  (see  p.  248). 

Beryllium  Chloride,  BeClj,  is  formed  by  heating  the  metal  in 
chlorine  or  hydrochloric  acid  gas,  or  by  the  action  of  ac^ueous  hydro- 
chloric acid  on  the  metal  or  its  oxide. 

The  anhydrous  chloride  is  prepared  by  passing  chlorine  over  an 
.gnited  mixture  of  berylia  and  charcoal.  It  is  less  volatile  than 
aluminium  chloride,  very  deliquescent,  and  easily  soluble  in  water. 

The  vapour-density  at  temperatures  from  685°  to  1500°  has  been 
found  to  be  40-9,  which  agrees  with  the  formula  BeCIj. 

Beryllium  Oxide. — Berylia,  BeO. — This  earth  may  be  prepared 
from  beryl,  or  either  of  the  other  beryllium  silicates,  by  fusing  the 
finely  pounded  mineral  with  potassium  carbonate  or  t[uicklime  j 
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treating  the  fused  mass  with  hydrochloric  acid  ;  evaporating  to 
dryness  ;  then  moistening  the  residue  with  liydrochloric  acid,  and 
treating  it  with  water,  whereby  everything  is  dissolved  except  the 
silica.  The  filtered  liquid  is  then  mixed  with  excess  of  ammonia 
solution,  which  throws  down  a  bulky  precipitate  containing  both 
alumina  and  berylla ;  this  precipitate  is  well  Avashed,  and  the 
berylla  is  dissolved  out  from  the  alumina  by  digestion  in  a  cold 
strong  solution  of  ammonium  carbonate.  The  liquid  is  again  filtered, 
and  on  boiling  it,  beryllium  carbonate  is  deposited  as  a  white 
powder,  which,  when  ignited,  leaves  pure  berylla. 

Berylla  is  very  much  like  alumina  in  physical  characters,  and 
further  resembles  that  substance  in  being  readily  dissolved  by 
caustic  potash  or  soda  ;  but  it  is  distinguished  from  alumina  by  its 
solubility,  when  recently  precipitated,  in  a  cold  solution  of  ammo- 
nium carbonate.  Beryllium  salts  have  a  sweet  taste,  whence  the 
former  name  of  the  metal,  glumium  (from  yXvicvs).  They  are 
colourless,  and  are  distinguished  from  those  of  aluminium  by  not 
yielding  an  alum  with  potassium  sulphate,  or  a  blue  colour  when 
heated  before  the  blowpipe  with  cobalt  nitrate ;  also  by  their 
reaction  with  ammonium  carbonate. 


MAGNESIUM. 

Symbol,  Mg.    Atomic  weight,  24. 

This  metal  was  formerly  classed  with  the  metals  of  the  alkaline 
earths,  but  it  is  much  more  nearly  related  to  zinc  by  its  properties 
in  the  free  state,  as  well  as  by  the  volatility  of  its  chloride,  the 
solubility  of  its  sulphate,  and  the  isomorphism  of  several  of  its  com- 
pounds with  the  similarly  constituted  compounds  of  zinc. 

Magnesium  occurs  in  the  mineral  kingdom  as  hydroxide,  car- 
bonate, borate,  phosphate,  sulphate,  and  nitrate,  sometimes  in  the 
solid  state,  sometimes  dissolved  in  mineral  waters  :  magnesian  lime- 
stone, or  dolomite,  which  forms  entire  mountain  masses,  is  a  car- 
bonate of  magnesium  and  calcium.  Magnesium  also  occurs  as 
silicate,  combined  with  other  silicates,  in  a  variety  of  minerals,  as 
steatite,  hornblende,  augite,  talc,  etc.  ;  also  as  ahiniinate  in  spinelle 
and  zeilanite.  It  likewise  occurs  in  the  bodies  of  plants  and  animals, 
chiefly  as  carbonate  and  phosphate,  and  in  combination  with  organic 
acids. 

Metallic  magnesium  is  prepared  : 

1.  By  the  electrolysis  of  fused  magnesium  chloride,  or,  better,  of 
a  mixture  of  4  molecules  of  magnesium  chloride  and  3  molecules  of 
jjotassium  chloride  with  a  small  quantity  of  sal-ammoniac.  A  con- 
venient way  of  effecting  the  reduction  is  to  fuse  the  mixture  in  a 
common  clay  tobacco-pipe  over  an  Argand  spirit-lamp  or  gas-burner, 
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the  negative  pole  being  an  iron  wire  passed  up  the  pipe-stem,  and 
the  positive  pole  a  piece  of  gas-coke,  just  touching  the  surface  of  the 
fused  chlorides.  On  passing  the  current  of  a  battery  of  ten  Bunsen's 
cells  through  the  arrangement,  the  magnesium  collects  round  the 
extremity  of  the  iron  wire. 

2.  Magnesium  may  be  prepared  in  much  larger  quantity  by 
reducing  magnesium  chloride,  or  the  double  chloride  of  magnesium 
and  sodium  or  potassium,  with  metallic  sodium.  The  double  chlo- 
ride is  prepared  by  dissolving  magnesium  carbonate  in  hydrochloric 
acid,  adding  an  equivalent  quantity  of  sodium  or  potassium  chloride, 
evaporating  to  dryness,  and  fusing  the  residue.  This  product, 
heated  with  sodium  in  a  wrought-iron  crucible,  yields  metallic  mag- 
nesium, containing  certain  impurities,  from  which  it  may  be  freed 
by  distillation.  This  process  is  now  carried  out  on  the  manufactur- 
ing scale,  and  the  magnesium  is  drawn  out  into  wire  or  formed  into 
riband  for  burning. 

Magnesium  is  a  brilliant  metal,  almost  as  white  as  silver,  some- 
what more  brittle  at  common  temperatures,  but  malleable  at  a  tem- 
perature a  little  below  redness.  Its  density  is  1'75.  It  melts  at  a 
red  heat,  and  volatilises  at  nearly  the  same  temperature  as  zinc.  It 
retains  its  lustre  in  dry  air,  but  in  moist  air  it  becomes  covered  with 
a  crust  of  magnesia. 

Magnesii;m  in  the  form  of  wire  or  riband  takes  fire  at  a  red  lieat, 
burning  with  a  dazzling  bluish-white  light.  The  flame  of  a  candle 
or  spirit-lamp  is  sufficient  to  inflame  it,  but  to  insure  continuous 
combustion,  the  metal  must  be  kept  in  contact  with  the  flame.  For 
this  purpose  lamps  have  been  constructed,  provided  with  a  mechanism 
which  continually  pushes  three  or  more  magnesium  wires  into  a 
small  spirit-flame. 

The  magnesium  flame  produces  a  continuous  spectrum,  containing 
a  very  large  proportion  of  the  more  refrangible  rays :  hence  it  is 
well  adapted  for  photography,  and  has,  indeed,  been  used  for  taking 
photographs,  in  the  absence  of  the  sun,  or  in  places  where  sunlight 
cannot  penetrate,  as  in  caves  or  subterranean  apartments. 

Magnesium  Chloride,  MgClj. — When  magnesia,  or  its  car- 
bonate, is  dissolved  in  hydrochloric  acid,  magnesium  chloride  and 
water  are  produced  ;  but  when  this  solution  is  evaporated  to  dry- 
ness, the  last  portions  of  water  are  retained  with  such  obstinacy, 
that  decomposition  of  the  water  is  brought  about  by  the  concurring 
attractions  of  magnesium  for  oxygen,  and  of  chlorine  for  hydrogen, 
hydrochloric  acid  being  expelled,  and  magnesia  remaining.  If, 
however,  sal-ammoniac,  potassium  chloride,  or  sodium  chloride,  is 
present,  a  double  salt  is  produced,  which  is  easily  rendered  anhydrous. 
The  best  mode  of  preparing  the  chloride  is  to  divide  a  quantity  of 
hydrochloric  acid  into  two  equal  portions,  to  neutralise  one  with 
magnesia,  and  the  other  with  ammonia,  or  carbonate  of  ammonia  : 
to  mix  these  solutions,  evaporate  them  to  dryness,  and  then  expose 
the  salt  to  a  red  heat  in  a  loosely  covered  porcelain  crucible.  Sal- 
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amtnoniac  stibliiiies,  and  fused  magnesium  chloride  remains  :  the 
latter  is  poured  out  upon  a  clean  stone,  and  when  cold  transferred 
to  a  well-stopped  bottle. 

The  chloride  so  obtained  is  white  and  crystalline.  It  is  very 
deliquescent  and  highly  soluble  in  water,  from  which  it  cannot  again 
be  recovered  by  evaporation,  for  the  reasons  just  mentioned.  When 
long  exposed  to  the  air  in  the  melted  state,  it  is  converted  into 
magnesia.    It  is  soluble  in  alcohol. 

Magnesium  cliloride  occurs  in  sea-water,  in  many  brine-springs 
and  salt-beds,  and  is  prepared  in  large  quantities  at  Stassfurt. 

.  Magnesium  Oxide,  or  Magnesia,  MgO,  is  easily  prepared  by 
exposing  the  magnesia  alba  of  pharmacy,  which  is  a  liydrocarbonate, 
to  a  full  red  heat  in  an  earthen  or  platinum  crucible.  It  forms  a 
soft,  white  powder,  which  slowly  attracts  moisture  and  carbonic 
acid  from  the  air,  and  unites  quietly  witli  water  to  a  slightly  soluble 
hydrate  requiring  for  solution  about  5000  parts  of  water  at  15'5° 
and  36,000  parts  at  100°.  The  alkalinity  of  magnesia  can  be 
observed  only  by  placing  a  small  portion  in  the  moist  state  upon 
test-paper ;  l)ut  it  neutralises  acids  completely.  It  is  infusible  in 
the  blow-pipe  flame. 

Experiment. — Take  a  strip  of  magnesium  ribbon,  six  inches  long, 
and  holding  it  by  tongs,  ignite  one  end  by  a  lighted  match  or  gas 
flame.  Let  the  resulting  white  oxide  fall  into  a  small  clean  porce- 
lain dish.  Wet  it  with  distilled  water  and  place  in  the  mixture  a 
piece  of  red  litmus  paper.    The  litmus  slowly  becomes  blue. 

Magnesium  Sulphide  is  formed  by  passing  vapour  of  carbon 
sulphide  over  magnesia  at  a  strong  red  heat. 

It  is  an  earthy-looking  substance,  insoluble  in  and  decomposed  by 
water  with  evolution  of  sulphuretted  hydrogen  ; 

MgS  -1-  2H2O  =  Mg(H0)2  +  H,S . 

Magnesium  Sulphate,  MgS04,7H.,0,  commonly  called  Epsom 
salt,  occurs  in  sea-water,  and  in  many  mineral  springs,  and  was 
formerly  manufactured  in  large  quantities  by  acting  on  magnesiau 
limestone  with  dilute  sulphuric  acid,  and  separating  the  magnesium 
sulphate  from  the  greater  part  of  the  slightly  soluble  calcium  sul- 
phate by  filtration.  It  is,  however,  now  chiefly  manufactured  from 
the  mineral  kieserite,  ]\IgS04H20,  present  in  considerable  quantity 
in  certain  portions  of  the  salt  deposits  at  Stassfurt.  The  crystals  are 
derived  from  a  right  rhombic  jjrism  ;  they  are  soluble  in  an  equal 
weight  of  water  at  5"5°,  and  in  a  still  smaller  quantity  at  100°. 
The  salt  has  a  nauseous  bitter  taste,  and,  like  many  other  neutral 
salts,  possesses  purgative  properties.  When  it  is  exposed  to  heat,  6 
molecules  of  water  readily  pass  off,  the  seventh  being  firmly  retained. 
Magnesium  sulphate  forms  with  the  sulphates  of  pot^^sium  and 
ammonium,  beautiful  double  salts  which  conUiin  U  molecules  of 
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crystallisation-water,  tlieir  fonaula  beiug  MgK2(S04)2,6H^O,  and 
M,c;(NH4).„(S04)2,6H20.  These  salts  are  isomorphous,  and  form  mono- 
clinic  crystals. 

Expenmeid.^Tdke  a  small  lump  of  magnesite  (native  carbonate), 
powder  it  and  dissolve  in  dilute  sulphuric  acid,  applying  a  gentle 
heat  and  adding  the  acid  in  small  quantities  till  effervescence  ceases. 
Filter  the  solution  and  let  it  crystallise.  If  no  crystals  are  formed, 
evaporate  the  liquid  till  reduced  in  bulk,  and  let  it  cool  again.  If  a 
piece  of  chalk  be  treated  in  the  same  way  it  will  eifervesce,  but  the 
resulting  sulphate  is  almost  insoluble,  and  the  solution  therefore 
yields  no  crystals. 

Magnesium  Phosphate,  MgHP04,7H20,  separates  in  small 
colourless  prismatic  crystals  wlien  solutions  of  sodium  jphosphate 
and  magnesium  sulphate  are  mixed  and  left  at  rest  for  some  time. 
It  is  soluble  in  about  1000  parts  of  cold  water.  Magnesium  phos- 
phate exists  in  the  grain  of  the  cereals,  and  can  be  detected  in  con- 
siderable quantity  in  beer. 

Magnesium  and  Ammonium  Phosphate,  Mo(^}i^)^YO^,Q'H..fi. — 
When  ammonia  or  its  carbonate  is  mixed  with  a  magnesium  salt, 
and  a  soluble  phosphate  is  added,  a  crystalline  precipitate  having  the 
above  composition  subsides,  immediately  if  the  solutions  are  con- 
centrated, and  after  some  time  if  they  are  very  dilute  :  in  the  latter 
case,  the  precipitation  is  promoted  by  stirring.  This  salt  is  slightly 
soluble  in  pure  water,  but  nearly  insoluble  in  saline  and  ammoniacal 
liqiiids.  When  heated,  it  gives  off  water  and  ammonia,  and  is  con- 
verted into  magnesium  pyrophosphate,  MgjPgOj : — 

2Mg(NH4)P04  =  MgaPaOy  -t-  ll.fi  +  2NH3. 

^  At  a  strong  red  heat  it  fuses  to  a  white  enamel-like  mass.  Mag- 
nesium and  ammonium  phosphate  sonretimes  forms  a  urinary  cal- 
culus, and  occurs  also  in  guano.  In  analysis,  magnesium  is  usually 
separated  from  solution  by  bringing  it  into  this  state. 

Magnesium  Silicates. — The  following  natural  comi^ounds  be- 
long to  this  class :  Ghrysolite,  Mg2Si04  =  2MgO,Si02,  a  crystallised 
mineral,  sometimes  employed  for  ornamental  purposes  :  a  portion  of 
the  magnesia  is  commonly  replaced  by  ferrous  oxide,  which  commu- 
nicates a  green  colour.  Meerclmv.m,  2MgSi03,Si02  =  2MgO,3Si02,  is 
a  soft  sectile  mineral,  from  which  pipe-bowls  are  made.  Talc, 
4MgSi03,Si02,4H20  (called  steatite  wben  massive),  is  a  sol't,  white, 
sectile,  transparent  or  translucent  mineral,  used  in  the  state  of  powder 
for  diminishing  friction.  Soapstone,  also  called  steatite,  is  a  silicate 
of  magnesium  and  aluminium  of  somewliat  variable  composition. 
Serpentine  is  a  combination  of  silicate  and  hydroxide  of  magnesium. 
Jade,  an  exceedingly  hard  stone,  brought  from  China  and  from  New 
Zealand,  is  a  silicate  of  magnesium  and  aluminium  :  its  green 
colour  is  due  to  chromium.    Augite  and  hornblende  are  essentially 
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double  silicates  of  magnesia  and  lime,  in  wliicli  tlie  magnesia  is  more 
or  less  replaced  by  its  isomorphous  substitute,  ferrous  oxide. 

Magnesium  Carbonates. — The  Normal  Carbonate,  MgCO^  or 
MgOjCOg,  occurs  native  in  rhomboliedral  crystals,  resembling  tliose 
of  calc-spar,  imbedded  iu  talc-slate  :  a  soft  earthy  variety  is  some- 
times met  witii. 

When  magnesia  alba  is  dissolved  in  aqueous  carbonic  acid,  and 
the  solution  left  to  evaporate  spontaneously,  small  prismatic  crystals 
are  deposited,  consisting  of  trihydrated  magnesium  carbonate, 
MgC033H20. 

The  magnesia  alba  itself,  although  often  called  carbonate  of  mag- 
nesium, is  not  so  in  reality  ;  it  is  a  compound  of  carbonate  witli 
hydroxide.  It  is  prepared  by  mi.xing  hot  solutions  of  potassium  or 
sodium  carbonate  and  magnesium  sulphate,  the  latter  being  kept  in 
slight  excess,  boiling  the  whole  for  a  few  minutes,  during  which  time 
much  carbonic  acid  is  disengaged,  and  well  washing  the  precipitate 
so  produced.  If  the  solution  is  very  dilute,  the  magnesia  alba  is 
exceedingly  light  and  bulky ;  if  otherwise,  it  is  denser.  The  com- 
position of  this  precipitate  is  not  perfectly  constant.  In  most  cases 
it  contains  3MgC03,MgH202>4H^O. 

Magnesia  alba  is  slightly  soluble  in  water,  especially  when  cold. 

Experiments. — ].  Dissolve  about  2  ounces  of  Epsom  salt  and  an 
equal  quantity  of  crystals  of  soda,  each  in  a  quarter  of  a  pint  of 
water.  Mix  the  solution  in  a  dish,  evaporate  the  mixture  rapidly 
■with  constant  stirring  till  the  residue  is  quite  dry.  Then  boil  what 
remains  with  water,  aiid  collect  the  precipitate  (carbonate  of  mag- 
nesium) on  a  clean  calico  filter,  pour  hot  water  over  it  once  or  twice, 
drain  and  squeeze  it,  and  place  the  filter  in  an  oven  to  dry. 

2.  Heat  a  portion  of  the  dry  powder  to  redness  in  a  porcelain 
crucible.  Let  it  cool,  and  test  it  lor  carbonate  by  dissolving  a  little 
in  an  acid.    It  is  magnesium  oxide,  and  should  not  effervesce. 

3.  Dissolve  the  rest  of  the  oxide  in  dilute  sulphuric  acid,  crystall- 
lise  the  salt,  and  compare  the  crystals  with  those  made  from 
magnesite. 

Magnesium  salts  are  isomorphous  with  zinc  salts,  ferrous  salts, 
cupric  salts,  cobalt  salts,  and  nickel  salts,  etc.  ;  they  are  usually 
colourless,  and  are  easily  recognised  by  the  following  characters  : — A 
solution  in  water  gives  a  gelatinous  white  jjrecipilate  with  caustic 
alkalis,  including  ammonia,  insoluble  in  excess,  but  soluble  in  solu- 
tion of  sal-ammoniac  :  a  white  precipitate  with  'potassium  sodium 
carbonates,  but  none  with  ammonium  carbonate  in  the  cold  :  a 
white  crystalline  precipitate  with  soluble  phosjyhates,  especially  on  the 
addition  of  a  little  ammonia. 

Magnesium  salts  give  no  precipitate  with  hydrogen  sulphide  or 
ammonium  sulphide,  nor  with  solution  of  platinic  chloride. 
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ZINC. 


Symbol,  Zn.    Atomic  weight,  G5.    Vapour  density,  32-5. 

It  is  not  known  by  whom  zinc  was  discoverecl,  but  writers  of  the 
sixteenth  century  described  its  properties.  The  ancients  were  not 
acquainted  with  zinc  as  a  separate  metal,  but  its  ores  were  used  in 
the  manufacture  of  brass. 

Zinc  is  a  somewhat  abundant  metal :  it  is  found  in  the  state  of 
carbonate,  silicate,  and  sulphide,  associated  with  lead  ores  in  many 
districts,  both  in  Britain  and  on  the  Continent ;  large  supplies  are 
obtained  from  Silesia,  and  from  the  neighbourhood  of  Aachen.  The 
native  carbonate,  or  calamine,  is  a  valuable  zinc  ore,  and  is  pre- 
ferred for  the  extraction  of  the  metal,  but  large  quantities  are 
made  from  blende,  which  is  the  sulphide,  ZnS.  It  is  first  roasted  to 
expel  water  and  carbon  dioxide,  the  oxide  is  then  mixed  with  ground 
coal,  and  distilled  at  a  full  red  heat  in  a  large  earthen  retort :  carbon 
monoxide  then  escapes,  while  the 
reduced  metal  volatilises  and  is  ^'s- 13-2. 

condensed  by  suitable  means. 

When  blende,  or  'black  jack,' 
is  employed,  it  also  is  submitted 
to  a  preliminary  roasting  in  a 
current  of  air,  whereby  it  is  con- 
verted into  the  oxide  : — 

ZnS  +  30  =  ZnO  +  SOg. 

The  form  of  apparatus  employed 
varies  in  different  districts.  Fig. 
132  represents  the  Belgian  zinc 
furnace,  which  is  used  not  only 
on  the  Continent  but  in  this 
country.  It  consists  of  an  arched 
chamber  having  the  fire  grate  be- 
low, and  in  its  upper  part  several 
rows  of  fireclay  tubes  or  retorts, 
each  about  4  feet  long.  Each  of 
these  is  provided  with  a  fireclay 
conical  adapter  and  a  receiver  of 
sheet-iron,  which  projects  from  the 
side  of  the  furnace,  and  in  which 
the  zinc  as  it  distils  away  is  col- 
lected. The  figure  on  the  right 
shows  the  position  of  the  tubes  in  the  furnace  ;  on  the  left  a  front 
view  of  the  same.  The  Silcsian  apparatus  consists  of  a  series  of  fire- 
clay retorts  in  the  form  of  a  muille,  as  shown  in  fig.  133.  The 
retorts  are  arranged  in  two  rows,  back  to  back,  with  the  fire  between 
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them,  so  that  the  nozzles  and  conilensing  chambers  are  attached  on 
opposite  sides  of  the  furnace.    About  100  pounds  weight  of  the 

mixture    of  ore 


lamellar  crystalline  structure,  a  density  varying  from  6'8  to  7'8,  and 
is  under  ordinary  circumstances,  brittle.  Between  120°  and  150°,  it 
is,  on  the  contrary,  malleable,  and  may  be  rolled  or  hammered  with- 
out danger  of  fracture  ;  and,  what  is  very  remarkable,  after  such 
Ireatment,  it  retains  its  malleability  Avhen  cold  :  the  sheet-zinc  of 
commerce  is  thus  made.  At  210°  it  is  so  brittle  that  it  may  be 
reduced  to  powder.  It  melts  at  412° ;  boils  at  1040°  (Deville  and 
Troost),  and,  if  air  be  admitted,  burns  with  a  splendid  greenish 
light,  generating  the  oxide.  Dilute  acids  dissolve  zinc  very  readily  : 
it  is  constantly  employed  in  this  manner  for  preparing  hydrogen  gas. 

The  apijlication  of  metallic  zinc  to  the  purposes  of  roofing,  the 
construction  of  water-channels,  etc.,  are  well  known  ;  it  is  sufficiently 
durable,  but  inferior  in  this  respect  to  copper.  Galvanised  iron  con- 
sists of  iron  haviug  its  surface  coated  with  zinc. 

Zinc  Chloride,  ZnClg,  may  be  prepared  by  heating  metallic  zinc 
in  chlorine  :  by  distilling  a  mixture  of  zinc-filings  and  corrosive  sub- 
limate ;  or,  more  easily,  by  dissolving  zinc  in  hydrochloric  acid.  It 
is  a  nearly  white,  translucent,  fusible  substance,  very  soluble  in 
water  and  alcohol,  and  very  deliquescent.  A  strong  solution  of  zinc 
chloride  is  sometimes  used  as  a  bath  for  obtaining  a  graduated  tem- 
perature above  100°.  Zinc  chloride  unites  with  sal-ammoniac  and 
potassium  chloride  to  form  double  salts  :  the  former  of  these,  made 
by  difsolving  zinc  in  hydrochloric  acid,  and  then  adding  an  equi- 
valent quantity  of  sal-ammoniac,  is  very  useful  in  tinning  and  soft- 
soldering  copper  and  iron. 

Zinc  Oxide,  ZnO,  is  strongly  basic,  forming  salts  isomorphous 
with  the  magnesium  salts.  It  is  prepared  either  by  burning  zinc  in 
atmospheric  air,  or  by  heating  the  carbonate  to  redness.  Zinc  oxide 
is  a  white,  tasteless  powder,  insoluble  in  water,  but  freely  dissolved 
by  acids.  When  heated  it  is  yellow,  but  turns  white  again  on 
cooling.  It  is  sometimes  used  as  a  substitute  for  white  lead.  To 
prejjare  zinc-white  on  a  large  scale,  metallic  zinc  is  volatilised  in 
large  earthen  muHles,  whence  the  zinc  vaponr  passes  into  a  small 
receiver  (gutfrite),  where  it  comes  in  contact  with  a  current  of  air 
and  is  oxidised.  The  zinc  oxide  thus  formed  passes  immediately 
into  a  condensing  chamber,  divided  into  several  compartments  by 
cloths  suspended  within  it. 
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Zinc  is  a  bluish- 
white  metal,  which 
slowly  tarnishes  in 
the  air  :  it  has  a. 
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Oxysalts  of  Zinc— The  Sulphate,  ZnSO^jTHaO,  commonly  called 
JVhite  Vitriol,  is  hardly  to  be  distinguished  by  the  eye  from  magnesium 
sulphate  :  it  is  prepared  either  by  dissolving  the  metal  in  dilute  sul- 
phuric acid,  or,  more  economically,  by  roasting  the  native  sulphide, 
or  blende,  which,  by  absorption  of  oxygen,  becomes  in  great  part  con^ 
verted  into  sulphate.  The  altered  mineral  is  thrown  hot  into  water, 
and  the  salt  is  obtained  by  evaporating  the  clear  solution.  Zinc  sul- 
phate has  an  astringent  metallic  taste,  and  is  used  in  medicine  as  an 
emetic.  The  crystals  dissolve  in  2^  parts  of  cold,  and  in  a  much 
smaller  quantity  of  hot  water.  Crystals  containing  6  molecules  of 
water  have  been  observed.  Zinc  sulphate  forms,  double  salts  with 
the  sulphates  of  potassium  and  anmiouium,  namely,  ZnK2(S04)2,6H20 
and  Zn(NHj)2,(S04)26H20,  isomorphous  with  the  corresponding  mag- 
nesium salts. 

Experivient. — Dissolve  an  ounce  of  granulated  zinc  in  diluted  sul- 
phuric acid  in  a  beaker  or  evaporating  dish.  Filter,  if  necessary, 
from  any  undissolved  flakes  of  lead,  and  let  the  liquid  cool,  with  a 
view  to  the  production  of  crystals.  If  none  form  after  a  few  hour's, 
evaporate  away  a  portion  of  the  water,  and  set  aside  the  solution 
again.  If  the  liquid  be  allowed  to  crystallise  slowly,  crystals  of 
considerable  size  may  form,  which  should  be  compared  with  crystals 
produced  by  similar  slow  deposition  from  a  solution  of  magnesium 
sulphate. 

The  Carbonate,  ZnCO,  is  found  native  ;  the  white  precipitate 
obtained  by  mixing  solutions  of  zinc  and  of  alkaline  carbonates,  is 
a  combination  of  carbonate  and  hydroxide,  ZnC03,Zn(HO)2,2H90. 

When  heated  to  redness,  it  yields  pure  zinc  oxide. 

Experiment. — Substituting  zinc  sulphate  for  magnesium  sulphate, 
prepare  specimens  of  zinc  carbonate  and  oxide. 

Zinc  Sulphide,  ZnS,  occurs  native,  as  blende,  in  regirlar  tetra- 
hedrons, dodecahedrons,  and  other  monometric  forms,  and  of  various 
colours,  from  white  or  yellow  to  brown  or  black,  according  to  its 
degree  of  purity  :  it  is  a  valuable  ore  of  zinc.  A  variety,  called  Black 
Jack,  occurs  somewhat  abundantly  in  Derbyshire,  Cumberland,  and 
Cornwall.  A  hydrated  sulphide,  ZnS,H20,  is  obtained  as  a  white  pre- 
cipitate on  adding  an  alkaline  sulphide  to  the  solution  of  a  zinc  salt. 

Zinc  salts  are  distinguished  by  the  following  characters  : — Caustio 
potash,  soda,  and  ammonia  give  a  white  precipitate  of  hydroxide, 
freely  soluble  in  excess  of  the  alkali.  Potassium  and  sodium  car- 
bonates give  white  precipitates,  insoluble  in  excess.  Ammonium 
carbonate  gives  also  a  white  precipitate,  which  is  redissolved  by  an 
excess.  Potassium  fcrrocyanide  gives  a  white  precipitate.  Hydrogen 
sulphide  causes  no  change  in  zinc  solutions  containing  free  mineral 
acids  ;  but  in  neutral  solutions,  or  with  zinc  salts  of  organic  acids, 
such  as  the  acetate,  a  white  precipitate  is  formed.  Ammonium  sul- 
phide throws  down  white  sulphide  of  zinc,  insoluble  in  caustic  alkalis. 
The  formation  of  this  precipitate  in  a  solution  containing  excess  of 
caustic  alkali,  serves  to  distinguish  zinc  from  all  other  metals. 
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All  zinc  compounds,  heated  on  charcoal  with  sodium  carljonale  in 
the  inner  blow-pipe  flame,  give  an  incrustation  of  zinc  oxide,  which 
is  yellow  while  hot,  but  becomes  white  on  cooling.  If  this  incrusta- 
tion be  moistened  with  a  dilute  solution  of  cobalt  nitrate,  and  strongly 
heated  in  the  outer  flame,  a  flne  green  colour  is  produced. 


CADMIUM. 

Symbol,  Cd.    Atomic  weight,  112.    Vapour  density,  56. 

This  metal  was  discovered  in  1817  by  Stromeyer,  and  by  Hermaim  : 
it  accompanies  the  ores  of  zinc,  especially  those  occurring  in  Silesia, 
and,  being  more  volatile  than  that  substance,  rises  first  in  vapour 
when  the  calamine  is  subjected  to  distillation  M'ith  coal.  From  these 
portions  of  the  metal  cadmium  can  be  extracted  hy  dissolving  in 
hydrochloric  acid,  and  precipitating  the  acid  solution  with  sul- 
phuretted hydrogen,  which  throws  down  the  cadmium  in  the  form 
of  a  yellow  sulphide.  The  suljihide  is  then  filtered  ofl",  washed, 
roasted  into  oxide,  and  distilled  with  charcoal.  Cadmium  resembles 
tin  in  colour,  but  is  somewhat  harder  ;  it  is  very  malleable,  has  the 
density  8'7,  melts  below  260°,  and  is  nearly  as  volatile  as  mercury. 
It  tarnishes  but  little  in  the  air,  but  burns  when  strongly  heated. 
Dilute  sulphuric  and  hydrochloric  acids  act  but  little  on  cadmium 
in  the  cold  ;  nitric  acid  is  its  best  solvent. 

The  observed  vapour-density  of  cadmium  is  3'94  compared  with 
air,  or  56"3  compared  with  hydrogen,  which  latter  number  does  not 
differ  greatly  from  the  half  of  112,  the  atomic  weight  of  the  metal : 
hence  it  appears  that,  as  in  the  case  of  the  allied  metals  zinc  and 
mercury,  the  molecule  is  monatomic  (p.  243). 

Cadmium  Oxide,  CdO,  may  be  prepared  by  igniting  either  the 
carbonate  or  the  nitrate  :  in  the  former  case  it  has  a  pale-brown 
colour,  and  in  the  latter  a  much  darker  tint,  and  forms  octahedral 
microscopic  crystals.  Cadmium  oxide  is  infusible  :  it  dissolves  in 
acids,  producing  a  series  of  colourless  salts  :  it  absorbs  carbon  dioxide 
from  the  air,  and  turns  white.  The  s-idphate  is  easily  obtained  by 
dissolving  the  oxide  or  carbonate  in  dilute  sulphuric  acid  :  it  i.s 
very  soluble  in  water.  It  usually  has  the  composition  3CdS04,8H._,0, 
but  it  behaves  like  the  sulphates  of  zinc  and  magnesium  in  forming 
double  salts  with  the  sulphates  of  potassium  and  ammonium,  which 
contain  respectively  CdK,(S04)2,6H20  and  Cd(NHj)2(S04),„6H,,0. 
The  chloride,  CdCU,  is  a  very  soluble  salt,  crystallising  in  small  four- 
sided  prisms.  The  sulphide,  CdS,  is  a  very  characteristic  compound, 
of  a  bright  yellow  colour,  forming  microscopic  cryst^ils,  fusible  at  a 
high  temperature.  It  is  obtained  by  jjassing  sulphuretted  hydrogen 
gas  through  a  solution  of  the  sulphate,  nitrate,  or  chloride.  This 
compound  is  used  as  a  yellow  pigment,  of  great  beauty  and  per- 
manence.   It  occurs  native  as  the  rare  mineral  Greenockite, 
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Fixed  caustic  alhilis  give  with  cadmium  salts  a  white  precipitate 
of  hj  droxide,  insoluble  in  excess.  Ammonia  gives  a  similar  white 
precipitate,  readily  soluble  in  excess.  Thejixed  alkaline  carbonates, 
and  ammonia  carbonate,  throw  down  white  cadmium  carbonate, 
insoluble  in  excess  of  either  precipitant.  Hydrogen  sulphide  and 
amvionium  sulphide  precipitate  the  yellow  sulphide  of  cadmium, 
which,  unlike  zinc  sulphide,  is  precipitated  in  the  presence  of  dilute 
mineral  acids,  such  as  hydrochloric  and  sulphuric  acids.  It  is  decom- 
posed by  boiling  with  dilute  sulphuric  acid. 


MERCURY. 

Symbol,  Hg  (Hydrargyrum).    Atomic  weight,  200.  Vapour- 
density,  100. 

This  very  remarkable  metal,  sometimes  called  quicksilver,  has  been 
known  from  early  times,  and  perhaps  more  than  all  others  has 
excited  the  attention  and  curiosity  of  experimenters,  by  i-eason  of 
its  peculiar  physical  properties.  Mercury  is  of  great  importance  in 
several  of  the  arts,  and  enters  into  the  composition  of  many  valuable 
medicines. 

Metallic  mercury  is  occasionally  met  with  in  globules  dissemin- 
ated through  the  native  sulphide,  which  is  the  ordinary  ore.  This 
latter  substance,  sometimes  called  cinnabar,  is  found  in  considerable 
(juantity  in  several  localities,  of  which  the  most  celebrated  are 
Almaden  in  Spain,  and  Idria  in  Austria.  It  has  also  been  dis- 
covered in  great  abundance,  and  of  remarkable  purity,  in  California 
and  Australia. 

The  metal  is  obtained  by  heating  the  sulphide  in  an  iron  retort 
with  lime  or  scraps  of  iron,  or  by  roasting  it  in  a  furnace,  and  con- 
ducting the  vapoiirs  into  a  large  chaml;er,  where  the  mercury  is 
condensed,  while  the  sulphurous  oxide  is  allowed  to  escape.  Mercury 
is  imported  into  this  country  in  bottles  of  hammered  iron,  contain- 
ing about  seventy-five  pounds  each,  and  in  a  state  of  considerable 
purity.  When  purchased  in  smaller  quantities,  it  is  sometimes  found 
adulterated  with  tin  and  lead,  which  metals  it  dissolves  to  some 
extent  without  much  loss  of  fluidity.  Such  admixture  may  be  known 
by  the  foul  surface  which  the  mercury  exhibits  when  shaken  in  a 
bottle  containing  air,  and  by  the  globules,  when  made  to  roll  upon  the 
table,  leaving  a  train  or  tail.  Mercury  may  be  partly  purified  by 
agitation  witii  a  small  quantity  of  nitric  acid,  which  attacks  the 
foreign  metals  first,  and  afterwards  washing  witli  water.  It  can  be 
obtained  pure  by  distilling  below  its  boiling  point  under  reduced 
pressure. 

Mercury  has  a  nearly  silver-white  colour,  and  a  very  high  degree 
of  lustre  :  it  is  liquid  at  all  ordinary  temperatures,  and  solidifies 
only  when  cooled  to— 39".    In  this  state  it  is  ,soit  and  malleable. 
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It  "boils  at  357'25''  (Regnault),  yielding  a  transparent,  colourless 
vapour,  of  great  density.  The  metal  volatilises,  however,  to  a  sen- 
sible extent  at  all  temperatures  above  19°  or  21° ;  below  this  point 
its  volatility  is  imperceptible.  The  volatility  of  mercury  at  the 
boiling  temperature  is  much  retarded  by  the  presence  of  minute 
quantities  of  lead  or  zinc.  The  density  of  mercury  at  15'5°  is  13'59  ; 
that  of  frozen  mercury  about  14,  great  contraction  taking  place  in 
the  act  of  solidification. 

Pure  mercury  is  quite  unalterable  in  the  air  at  common  tempe- 
ratures, but  when  heated  to  near  its  boiling  point,  it  slowlj--  absorbs 
oxygen,  and  becomes  converted  into  a  crystalline  dark-red  powder, 
which  is  the  highest  oxide.  At  a  dull  red  heat  this  oxide  is  again 
decomposed  into  its  constituents.  Hydrochloric  acid  has  little  or  no 
action  on  mercury,  and  the  same  may  be  said  of  sulphuric  acid  in  a 
diluted  state  :  but  when  the  acid  is  concentrated  and  boiling  hot,  it 
converts  the  metal  into  mercuric  sulphate,  with  evolution  of  sul- 
phur dioxide,  Hg-l-2H2S04  =  HgS04  +  H20-f-S02.  Nitric  acid,  even 
dilute  and  in  the  cold,  dissolves  mercury  freely,  with  evolution  of 
nitric  oxide  and  formation  of  mercurous  or  mercuric  nitrate  according 
to  the  relative  proportions  of  the  metal  and  acid. 

The  observed  vapour-density  of  mercury  referred  to  air  as  unity 
is  67  ;  this  referred  to  hydrogen  is  nearly  100  ;*  that  is  to  say,  half 
the  atomic  weight  of  the  metal  :  consequently  the  atom  of  mercury, 
like  that  of  zinc  and  cadmium,  occupies  in  the  gaseous  state  twice  the 
volume  of  an  atom  of  hydrogen  (see  p.  243). 

Alloys  of  mercury  with  other  metals  are  termed  amalgams: 
mercury  dissolves  in  this  manner  many  of  the  metals,  as  gold,  silver, 
tin,  lead,  etc.  These  combinations  sometimes  take  place  with  con- 
siderable violence,  as  in  the  case  of  potassium,  in  which  light  and 
heat  are  produced  ;  besides  this,  many  of  the  amalgams  after  a  while 
become  solid  and  crystalline.  The  amalgam  of  tin  used  in  silvering 
looking-glasses,  and  that  of  silver  and  of  copper,  sometimes  em- 
ployed for  stopping  hollow  teeth,  are  examples.  The  solid  amalgams 
appear  to  be,  for  the  most  part,  definite  compounds,  while  the  liquid 
amalgams  may  be  regarded,  in  many  instances,  as  mixtures  of  definite 
compounds  with  excess  of  mercury,  inasmuch  as,  when  they  are 
pressed  between  chamois  leather,  mercury,  containing  only  a  small 
quantity  of  the  other  metal,  passes  through,  while  a  solid  amalgam, 
frequently  of  definite  atomic  constitution,  remains  behind.  A  native 
compound  of  mercury  and  silver,  called  "  amalgam  "  by  mineralogists, 
and  having  the  composition  Ag.^Hgj,  or  Ago  Hgj,  is  found  crystallised 
in  octahedrons,  rhombic  dodecahedrons,  and  other  forms  of  the 
regular  system. 

Mercury  forms  two  series  of  compounds,  namely,  the  mercuric 
c  0  m  p  o  u  n  d  s,  as  HgCL,  HgO,  HgSO.,,  etc.,  and  the  m  e  r  c  u  r  o  s 
c  0  m  p  0  u  n  d  s,  Hg2d.j,  Hg20,  etc.  These  compounds  are  analogous 
in  constitution  to  the  cupric  and  cuprous  compounds  ;  and  the  mer- 
curous compounds,  like  the  latter,  are  easily  converted  into  mercuric 
compounds  by  the  action  of  oxidising  agents,  which  remove  one  atom 
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of  mercury  ;  but  tliey  are,  on  the  wholej  much  more  stable  than  the 
cuprous  compounds. 

Mercury  Chlorides. — Mercuric  Chloride,  HgClg,  commonly  called 
Corrosive  Sublimate. — This  compound  may  be  obtained  by  several 
different  processes  ;  (1)  When  metallic  mercury  is  iieated  in  chlorine 
gas,  it  takes  tire  and  burns,  producing  this  substance.  (2)  It  may 
be  made  by  dissolving  mercuric  oxide  in  hot  hydrochloric  acid, 
crystals  of  corrosive  sublimate  then  separating  on  cooling.  (3)  Or, 
more  economically,  by  subliming  a  mixture  of  equal  parts  of  mercuric 
sulphate  and  dry  common  salt ;  and  this  is  the  plan  generally  fol- 
lowed.   The  decomposition  is  represented  by  the  equation  : 

'         HgSOi    +    2NaCl    =    HgCla    +  NaaSO^. 

Sublimed  mercuric  chloride  forms  a  white  transparent  crystal- 
line mass,  of  density  5-43  ;  it  melts  at  265°,  boils  at  295°,  and 
volatilises  somewhat  more  easily  than  calomel,  even  at  ordinary 
temperatures.  Its  observed  vapour-density,  referred  to  hydrogen  as 
unity,  is  140  :  and  the  density  calculated  from  the  formula  HgCljy 
supposing  that  the  molecule  occupies  the  same  space  as  a  mole- 

^,    ,          .    200  +  2x35-4 
cnle  or  two  atoms  of  hydrogen,  is   ^  =135'4;  the  near 

agreement  of  this  number  with  the  observed  result  shows  that  the 
vapour  is  in  the  normal  state  of  condensation. 

Mercuric  chloride  dissolves  in  16  parts  of  cold  and  3  parts  of  boil- 
ing water,  and  crystallises  from  a  hot  solution  in  long  white  prisms. 
Alcohol  and  ether  also  dissolve  it  easily  ;  the  latter  even  withdraws 
it  from  a  watery  solution. 

Mercuric  chloride  combines  with  a  great  number  of  other  metallic 
chlorides,  forming  a  series  of  beautiful  doable  salts,  of  which  the 
ancient  sal  alembroth  may  be  taken  as  a  good  example  :  it  contains 
HgCl2,2NH^Cl,H20.  The  chloride  absorbs  ammoniacal  gas  with 
great  avidity,  generating  the  compound  HgCl2,NH3. 

Mercuric  chloride  forms  several  compounds  with  mercuric  oxide. 
These  are  produced  by  several  processes,  as  when  an  alkaline  car- 
bonate is  added  in  varying  proportions  to  a  solution  of  mercuric 
chloride.  They  differ  greatly  in  colour  and  physical  character,  and 
are  mostly  decomposed  by  water. 

Mercuric  chloride  forms  insoluble  compounds  with  j^roteid  sub- 
stances, such  as  albumin.  It  is  perhaps  to  this  property  that  its 
strong  antiseptic  properties  arc  clue.  Animal  and  vegetable  sub- 
stances are  preserved  V)y  it  from  decay,  as  in  Kyan's  method  of  pre- 
serving timber  and  cordage.  Albumin  is  on  this  account  an  excellent 
antidote  to  corrosive  sublimate  in  cases  of  poisoning. 

Mercurous  Chloride,  Hgi,Cl2,  commonly  called  Calomel.  —  This 
very  important  substance  may  be  easily  prepared  by  pouring  a 
solution  of  mercurous  nitrate  into  a  large  excess  of  dilute  solution 
of  common  salt.    It  falls  as  a  dense  white  prcciintate,  quite  insoluble 
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in  water  ;  it  nnist  be  tliorongly  washed  with  boiling  distilled  water, 
and  dried.  Calomel  is,  however,  generally  procured  by  another  pro- 
cess. Dry  mercuric  sulphate  is  rubbed  in  a  mortar  with  as  mucli 
metallic  mercury  as  it  already  contains,  and  a  quantity  of  common 
salt,  until  the  globules  disappear,  and  a  uniform  mixture  has  been 
produced.  This  is  subjected  to  sublimation,  and  the  vapour  of  the 
calomel  being  carried  into  an  atmosphere  of  steam,  or  into  a  chamber 
containing  air,  is  thus  condensed  in  a  minutely  divided  state,  and  the 
laborious  process  of  pulverisation  of  the  sublimed  mass  is  avoided. 
Tlie  reaction  is  thus  explained  : 

HgSO^  +  Hg  +  2NaCl  =  Bg^C]^  +  m^SOi. 

Pure  calomel  is  a  heavy  white  insoluble  tasteless  powder  :  it  rises 
in  vapour  at  a  temperature  below  redness,  and  is  obtained  by 
ordinary  sublimation  as  a  yellowish-white  crystalline  mass.  It  is  as 
insoluble  in  cold  dilute  nitric  acid  as  silver  chloride  ;  boiling-hot 
strong  nitric  acid  oxidises  and  dissolves  it.  Calomel  is  instantly 
decomposed  by  an  alkali,  or  by  lime-water,  with  production  of  black 
mercurous  oxide.  After  long  keeping,  especially  if  exposed  to  day- 
light, it  is  sometimes  apt  to  contain  a  little  mercuric  ciiloride,  which 
would  be  a  very  dangerous  contamination  in  calomel  employed  for 
medical  purposes.  This  is  easily  discovered  b}^  boiling  with  water, 
filtering  the  liquid,  and  adding  caustic  potash.  Any  corrosive  sub- 
limate is  indicated  by  a  yellow  precipitate. 

The  observed  vapour-density  of  calomel,  referred  to  hydrogen 
as  imity,  is  119'2.  Now  the  formula  HggCIj,  if  it  represents  a 
molecule  occupying  in  the  gaseous  state  two  volumes  (i.e.,  twice 
the  volume  of  an  atom  of  hydrogen),  would  give  a  density  nearly 

r     .     ,.     400-t- 2.35-4  „         .       .  ,     ,  . 

double  01  this:  for   ^  =  235'4.  Hence  it  might  be  in- 
ferred that  the  composition  of  calomel  should  rather  be  represented 
by  the  simpler  formula  HgCl,  which  would  give  for  the  vapour- 
density  the  number  117'7.  The  frequent  decomposition  of  mer- 
curous salts  into  mercuric  salts  and  free  mercury  tends  however  to 
favour  the  supposition  that  their  molecules  contain  two  atoms  of 
mercury  ;  and  the  anomaly  in  the  vapour-volume  of  calomel  may  be 
explained  by  supposing  that  the  vapour  of  this  compound,  like  that 
of  many  others,  undergoes  dissociation  at  high  temperatures,  the  two 
volumes  of  mercurous  chloride,  HgoCL,  being  resolved  into  two 
volumes  of  mercuric  chloride,  HgCl2  and  two  volumes  of  mercury, 
Hg.  This  supposition  has  been,  to  some  extent,  supported  by  the 
observation  that  calomel  vapour  amalgamates  gold  leaf,  and  that 
corrosive  sublimate  may  be  detected  in  resubliniea  calomel. 

Iodides. — Mercuric  Iodide,  Hglo  is  formed  when  solution  of 
potassium  iodide  is  mixed  with  mercuric  chloride,  as  a  precipitate 
which  is  at  first  yellow,  but  in  a  few  moments  changes  to  a  most 
brilliant  scarlet,  this  colour  being  retained  on  drying.    Tliis  is  the 
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normal  iodide  :  it  may  be  made,  although  of  rather  duller  tint,  by 
triturating  equivalent  quantities  of  iodine  and  mercury  with  a  little 
alcohol.  In  preparing  it  by  precipitation,  it  is  better  to  weigh  out 
the  proper  proportions  of  the  two  salts,  as  the  iodide  is  soluble  in 
an  excess  of  eilher,  more  especitdly  in  excess  of  potassium  iodide, 
Jlercuric  iodide  exhibits  a  very  remarkable  case  of  dimorphism, 
attended  with  diflerence  of  colour,  which  is  red  or  yellow,  according 
to  the  figure  assumed.  Thus,  when  the  iodide  is  suddenly  exposed 
to  a  high  temperature,  it  becomes  bright  yellow  throughout,  and 
yields  a  copious  sublimate  of  minute  but  brilliant  yellow  crystals. 
If  in  this  state  it  be  touched  by  a  hard  body,  it  instantly  becomes 
red,  and  the  same  change  ha])pens  spontaneously  after  a  certain  lapse 
of  time.  On  the  other  hand,  by  a  very  slow  and  careful  heating,  a 
sublimate  of  red  crystals,  having  a  totally  different  form,  may  be 
obtained,  which  are  permanent.  The  same  kind  of  change  happens 
with  the  freshly  precipitated  iodide,  the  yellow  crystals  first  formed 
breaking  up  in  a  few  seconds,  from  the  passage  of  the  salt  to  the  red 
modification. 

Mercuric  iodide  forms  double  salts  with  the  more  basic  or  positive 
jnetallic  iodides,  as  those  of  the  alkali-metals  and  alkaline  earth- 
metals  ;  thus  it  dissolves  in  aqueous  potassium  iodide,  and  the  hot 
solution  deposits,  on  cooling,  crystals,  of  potassio-mercuric  iodide 
2(KI,Hgl2),3H20.  They  are  decomposed  by  water,  with  separation 
of  about  half  the  mercuric  iodide,  the  solution  then  containing  the 
salt  2KI,Hgl2,  which  remains  as  a  saline  mass  on  evaporation. 

Mercurms  Iodide,  Hg2l2,  is  formed  when  a  solution  of  potassium 
iodide  is  added  to  mercurous  nitrate  :  it  then  separates  as  a  dirty 
yellow  insoluble  precipitate,  witTi  a  tinge  of  green.  It  may  also  be 
prepared  by  rubbing  mercury  and  iodine  together  in  a  mortar  in  the 
proportion  of  1  atom  of  the  former  to  1  atom  of  the  latter,  the 
mixture  being  moistened  from  time  to  time  with  alcohol. 

Experiments. — 1.  Place  in  a  mortar  5  grams  of  mercury  and  6^ 
grams  of  iodine,  add  a  few  drops  of  spirit  of  wine,  and  rub  the 
elements  together  till  complete  combination  has  been  accomplished. 
The  red  powder  is  mercuric  iodide  Hgl2.  When  quite  dry,  place  it 
in  a  small  dry  beaker,  into  which  a  second  beaker,  containing  a  little 
cold  water,  will  just  slide.  Support  the  inner  beaker  by  means  of  a 
piece  of  paper,  or  otherwise,  so  that  its  bottom  is  about  an  inch  above 
the  iodide.  Place  the  whole  arrangement  on  a  sand-bath,  and  apply 
gentle  heat  till  the  iodide  has  completely  sublimed.  Read  the 
})receding  description  of  the  changes  of  colour  which  may  be 
observed. 

2.  By  using  twice  the  quantity  of  mercury  or  half  the  quantity 
of  iodine  required  in  Experiment  1,  and  following  the  same  method, 
tlie  mercurous  iodide  may  be  obtained.  It  is  partially  decomposed 
by  sublimation. 

Oxides. — Monoxide,  or  Mercuric  Oxide,  HgO,  commonly  called  I?cd 
Oxide  of  Mercunj,  or  Bed  I'rccipiUUe. — Tliere  are  numerous  methods 
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Ly  which  this  compound  may  be  obtuiued.  The  following  may  be 
cited  as  the  most  imijortant : — 1.  By  exposing  mercury  in  a  glass 
flask  with  a  long  narrow  neck,  for  several  days,  to  a  temj>erature 
approaching  315°.  The  product  has  a  dark  red  colour,  and  is  highly 
crystalline  ;  it  is  the  mercurius  calcined  us  per  se  or  red  precipitate  of 
the  old  writers.  2.  By  cautiously  heating  any  of  the  mercuric  or  mer- 
curous  nitrates  to  complete  decomposition,  whereby  the  acid  radicle 
is  decomposed  and  expelled,  oxidi.singthe  metal  to  the  maximum,  if  it 
happens  to  be  in  the  state  of  mercurous  salt.  The  product  thus 
obtained  is  also  crystalline  and  very  dense,  but  has  a  much  paler 
colour  than  the  preceding  ;  while  hot,  it  is  nearly  black.  It  is  by 
this  metliod  that  the  oxide  is  generally  prepared  :  it  is  apt  to  contain 
undecomjiosed  nitrate,  which  may  be  discovered  by  strongly  heating 
a  portion  in  a  test-tube  :  if  red  fumes  are  produced,  or  the  odour  of 
nitric  peroxide  exhaled,  the  oxide  has  been  insufficiently  heated  in 
the  process  of  manufacture.  3.  By  adding  caustic  potash  in  excess 
to  a  solution  of  corrosive  sublimate,  by  which  a  bright  yellow  pre- 
cipitate of  mercuric  oxide  is  thrown  down,  wliich  is  destitute  of 
crystalline  texture  and  retains  after  drying  a  small  quantity  of  water. 
It  is  converted  into  the  red  variety  by  strong  heat. 

Mercuric  oxide  is  sliglitly  soluble  in  water,  communicating  to  the 
latter  an  alkaline  reaction  and  metallic  taste  :  it  is  highly  poisonous. 
AA''hen  strongly  heated  it  is  decomposed,  as  before  observed,  into 
metallic  mercury  and  oxygen  gas. 

Mercurous  Oxide,  HgjO  ;  Suboxide,  or  Black  Oxide  of  Mercury. — This 
oxide  is  easily  prepared  by  adding  caustic  potash  to  mercurous 
nitrate,  or  by  digesting  calomel  in  solution  of  caustic  alkali.  It  is  a 
dark  grey,  nearly  black,  heavy  powder,  insoluble  in  water,  slowly 
decomposed  by  the  action  of  light  into  metallic  mercury  and  red 
oxide.  The  preparations  known  in  pharmacy  by  the  names  of  hluc 
jnll,  grey  ointment,  mercury  with  chalk,  etc.,  often  supposed  to  owe  their 
efficacy  to  this  substance,  merely  contain  the  finely-divided  metal. 

Experiments. —  1.  Dissolve  about  10  grams  of  mercury  in  nitric 
acid,  and  evaporate  the  solution  to  complete  dryness  ;  charge  the  dry 
yellow  nitrate  into  a  small  dry  tlask,  and  place  the  flask  over  a  rose 
burner  in  a  fume-chamber.  Apply  heat  till  the  mass  becomes  black, 
and  on  looking  through  the  flask  j'ellow  vapour  is  no  longer  visible. 
Tlie  product  when  cold  is  red  and  crystalline. 

2.  Dissolve  the  oxide  thus  obtained  in  hydrochloric  acid,  diluted 
with  three  times  its  buUv  of  watei-.  On  cooling,  while  prisms  of 
mercuric  chloride  are  formed. 

3.  To  a  portion  of  tlie  solution  from  Experiment  2  add  exces-s  of 
solution  of  potash.    Yellow  mercuric  oxide  is  tlirown  down. 

4.  Shake  up  a  few  grams  of  mercurous  chloride  with  solution  of 
potash.  Black  mercurous  oxide  results.  Filter  it  oft",  wash  with  hot 
M  ater,  and  dry  in  a  steam  oven. 

Mercury  Nitrates  and  Nitrites. — Nitric  acid  varies  in  its  action 
upon  mercury  according  to  the  temperature.    When  cold  and  some- 
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what  diluted,  it  forms  only  mercurous  salts,  and  tlu'se  arc  normal  or 
basic — i.e.,  oxyiiitrates  (p.  318) — as  the  acid  or  the  metal  hai>[)ens  to 
be  in  excess.  When,  on  the  contrary,  the  nitric  acid  is  concentrated 
and  hot,  a  mercuric  salt  is  produced.  Both  classes  of  salts  are  apt 
to  be  decomposed  by  a  large  quantity  of  water,  giving  rise  to 
insoluble,  or  sparingly  soluble,  basic  compounds. 

Mercuric  Nitrates. — By  dissolving  mercuric  oxide  in  excess  of 
nitric  acid,  and  evaporating  gently,  a  syrupy  liquid  is  obtained, 
which,  enclosed  in  a  bell-jar  over  lime  or  sulphuric  acid,  deposits 
bulky  crystals  and  crystalline  crusts,  both  having  the  composition 
2 Hg(N 03)2,1120.  The  same  substance  is  deposited  from  the  syrupy 
liquid  as  a  crystalline  powder  by  dropping  it  into  concentrated  nitric 
acid.  The  syrupy  liquid  itself  appears  to  be  a  definite  compound, 
containing  Hg(N03)2,H20.  By  saturating  hot  dilute  nitric  acid  with 
mercuric  oxide,  a  salt  is  obtained  on  cooling,  which  crystallises  in 
needles  permanent  in  the  air,  containing  Hg(N03)2,  HgO,H20.  The 
l)receding  crystallised  salts  are  decomposed  by  water,  with  produc- 
tion of  compounds  more  and  more  basic  as  the  washing  is  prolonged, 
or  the  temperature  of  the  water  raised. 

Mercurous  Nitrate  (H'g2)(N03)2,  2H2O,  forms  large  colourless 
crystals  soluble  in  a  small  quantity  of  water  without  decomposition ;  it 
is  made  by  dissolving  mercury  in  an  excess  of  cold  dilute  nitric  acid. 

When  excess  of  mercury  has  been  employed,  a  finely  crystallised 
basic  salt  is  deposited  after  some  time,  containing  (Hg2)(N03)2,  2Hg20, 
3H2O  ;  in  this  is  also  decomposed  by  water.  The  two  salts  are  easily 
distinguished  when  rubbed  in  a  mortar  with  a  little  sodium 
chloride  ;  the  normal  compound  gives  sodium  nitrate  and  calomel ; 
the  basic  salt,  sodium  nitrate  and  a  black  compound  of  calomel  with 
mercurous  oxide.  A  black  substance,  called  HaJmemann's  soluble 
mercury,  is  produced  when  ammonia  in  small  quantity  is  dropped 
into  a  solution  of  mercurous  nitrate  :  the  composition  of  this  pre- 
paration varies  according  to  the  temperature  and  the  concentration 
of  the  solutions. 

A  yellow  crystalline  deposit  is  often  formed  in  the  preparation  of 
mercurous  nitrate  by  the  action  of  cold  dilute  nitric  acid  upon  mer- 
cury.   This  is  said  to  consist  of  mercurous  nitrite  Hg2(N02)2. 

Mercury  Sulphates. — Mercuric  Sulphate,  HgS04,  is  readily  pre- 
f)ared  by  boiling  together  oil  of  vitriol  and  metallic  mercury  until 
the  latter  is  wholly  converted  into  a  heavy  white  crystalline  powder, 
which  is  the  salt  in  question  ;  the  excess  of  acid  is  then  removed  by 
evaporation  carried  to  perfect  dryness.  Equal  weights  of  acid  and 
metal  may  be  conveniently  employed.  Water  decomposes  the  sul- 
l)hate,  dissolving  out  an  acid  salt,  and  leaving  an  insoluble,  yellow, 
basic  compound,  formerly  called  turinth  or  t^irheth  mineral,  SHgSO^ 
+  2H20  =  Hg3S0.02-t-2H2SO,.  . 

1  his  compound  may  be  regarded  as  a  derivative  of  or</io-smphunc 
acid  H„SOg,  or  (HO)qS.  Long-continued  washing  with  hot  water 
entirely  removes  the  acid  radicle,  and  leaves  pure  mercuric  oxide. 
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Mercurous  Sulphate^  Hg2S04,  falls  as  a  white  crystalline  powder 
Avlien  sulphuric  acid  is  added  to  a  solution  of  mercurous  nitrate  :  it 
is  but  slightly  soluble  in  water  and  is  decomposed  thereby. 

Mercury  Sulphides. — Mercuric  Sulphide,  HgS,  occurs  native  as 
cinnabar,  a  dull  red  mineral,  which  is  the  most  important  ore  of 
mercury.  Hydrogen  sulphide  passed  in  small  quantity  into  a  solu- 
tion, of  mercuric  nitrate,  or  chloride,  forms  a  wliite  precipitate,  which 
is  a  compound  of  mercuric  sulphide  with  the  salt  itself.  An  excess 
of  the  gas  converts  the  whole  into  sulphide,  the  colour  at  the  same 
time  changing  to  black.  When  this  black  sulphide  is  sublimed,  it 
becomes  dark  red  and  crystalline,  but  undergoes  no  change  of  com- 
position ;  it  is  then  cinnabar  or  vermilion.  Mercuric  sulphide  is 
most  easily  prepared  by  subliming  an  intimate  mixture  of  6  parts 
of  mercury  and  1  part  of  sulphur,  and  reducirg  the  resulting  cin- 
nabar to  very  fine  powder,  tlie  beauty  of  the  tint  depending  much 
upon  the  extent  to  which  division  is  carried.  The  red  or  crystalline 
sulphide  may  also  be  formed  directly,  without  sublimation,  by 
lieating  the  black  precipitated  substance  in  a  solution  of  potassium 
pentasulphide.  Mercuric  sulphide  is  soluble  to  a  certain  extent 
in  the  alkaline  sulphides,  and  fornrs  with  them  crystallisable  com- 
pounds. 

Wlien  vermilion  is  heated  in  the  air,  it  yields  metallic  mercury 
and  sulphurous  oxide  :  it  resists  the  action  both  of  caustic  alkalis  in 
solution,  and  of  strong  mineral  acids,  even  nitric,  and  is  attacked 
only  by  nitro-muriatic  acid. 

Mercurous  Sulphide,  HgjS,  is  obtained  by  passing  hydrogen  sul- 
phide into  a  solution  of  mercurous  nitrate,  as  a  black  precipitate, 
which  is  resolved  at  a  gentle  heat  into  mercuric  sulphide  and 
metallic  mercury. 

Ammordacal  Mercury  Compounds. — By  the  action  of  ammonia 
and  its  salts  on  mercury  compounds,  a  variety  of  substances  are 
formed,  which  may  be  regarded  as  salts  of  mercurammoniums — that 
is,  of  ammonium-molecules  in  which  the  hydrogen  is  more  or  less 
replaced  by  mercury,  or  they  may  be  viewed  as  mercury  salts  in 
which  part  of  the  acid  radicle  is  replaced  by  the  amidogen  group 
NHg.  White  precipitate,  for  example,  may  be  represented  by  either 
of  the  following  formula  : — 


The  following  are  tlie  most  important  of  these  compounds. 

Mercuric  Compounds.  —  Merciiro-diammoninm  Cldoride, 
(N2H,jHg")Cl2,  known  in  pharmacj'^  as  fimble  white  precipitate,  is  pro- 
duced by  adding  potash  to  a  solution  of  ammonio-mercuric  chloride, 
(2NH4CI,  HgCl2),  or  by  dropping  solution  of  mercuric  chloride  into 
a  boiling  solution  of  sal-ammoniac  containing  free  ammonia,  as  long  as 
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the  resulting  precipitate  redissolves  :  it  then  separates  on  cooling  in 
regular  dodecahedrons.  At  a  gentle  heat  it  gives  off  ammonia,  leav- 
ing a  chloride  of  mercurammouium  and  hydrogen,  (NH2Hg")C],  HCl : 

NaHgHgTla  =  NH3Hg"Cl2  +  NH3. 

Mercttmmmonium  Chloride,  (NH2Hg")Cl.— This  salt,  known  in 
pharmacy  as  infusible  white  "precipitate,  is  formed  by  adding  ammonia 
to  a  solution  of  mercuric  chloride.  When  first  produced,  it  is  bulky 
and  white,  but. by  contact  with  hot  water,  or  by  much  washing  with 
cold  water,  it  is  converted  into  liydrated  dimercurammonium  chloride 
NHg"2Cl,H20. 

Trimercuro-diammoniiim  Nitrate,  (N2H2Hg"3)(N03)22H20,is  formed 
as  a  white  precipitate,  on  mixing  a  dilute  and  very  acid  solution  of 
mercuric  nitrate  with  very  dilute  ammonia. 

Trimercuro-diamine,  N2Hg"3,  a  compound  derived  from  a  double 
molecule  of  ammonia  N2Hg,  by  substitution  of  3  atoms  of  bivalent 
mercury  for  6  atoms  of  hydrogen,  is  formed  by  passing  dry  ammonia 
gas  over  dry  precipitated  mercuric  oxide  : 

3HgO  +  2NH3  =  NgHgj  +  3H2O. 

The  excess  of  oxide  being  removed  by  nitric  acid,  the  trimercuro- 
diamine  is  obtained  as  a  dark-brown  powder,  which  explodes  by  heat, 
friction,  percussion,  or  contact  with  oil  of  vitriol,  almost  as  violently 
as  nitrogen  chloride. 

Dimercurammoniicm  Chloride,  NHg"2Cl,H20,  is  obtained  as  already 
observed,  by  boiling  mercurodiammonium  chloride  (infusible  white 
precipitate)  with  water.  It  is  a  heavy,  granular,  yellow  powder, 
which  turns  wliite  again  when  treated  with  s  d-ammoniac. 

Dimercur ammonium  Iodide,  NHg"2T,H20. — This  comijound  mav 
be  formed  by  digesting  the  corresponding  chloride  in  a  solution  of 
potassium  iodide  ;  or  by  heating  mercuric  iodide  with  excess  of 
aqueous  ammonia  : 

2Hgl2  +  4NH3  +  H2O  =  NHg"2l,H20  +  3NH,I; 

also  by  passing  ammonia  gas  over  mercuric  oxy-iodide  : 

Hgj203  +  2NH3  =  2(NHg"2l,H20)  +  H2O  ; 

and,  lastly,  by  adding  ammonia  to  a  solution  of  potassio-mercuric 
iodide  mixed  with  caustic  potash  : 

2(2KI,Hgl2)  +  SI^HO  +  NH3  =  NHg"2l,H20  +  7KI  -f-  2H2O. 

This  last  reaction  affords  an  extremely  delicate  test  for  ammonia. 
A  solution  of  potassio-mercuric  iodide  is  prepared  by  adding  potas- 
sium iodide  to  a  solution  of  corrosive  sublimate,  till  a  portion  only 
of  the  resulting  red  precipitate  is  rcdissolved,  then  filtering,  and 
mixing  the  filtrate  with  caustic  potash.  The  liquid  thus  obtained 
forms,  with  a  very  small  quantity  of  ammonia,  either  free  or  in  the 
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form  of  an  ammoiiiaeal  salt,  a  brown  precipitate,  soluble  in  excess  of 
potassium  iodide.    This  is  called  Nesslei-'s  test  for  ammonia. 

Dimercurammonium  Hydroxide,  NHg"2(H0). — This  compound  is 
formed  by  treating  precipitated  mercuric  oxide  with  aqueous  am- 
monia, or  by  treating  either  of  the  dimercuramiiionium  salts  with  a 
caustic  alkali.  It  is  a  brown  powder,  which  dissolves  in  acids,  yield- 
ing salts  of  dimercurammonium. 

Dimercurammonium  Sulphate,  (NHg"2)2S04,2H20,  formerly  called 
ammoniacal  turpethum,  is  prepared  by  dissolving  mercuric  sulphate 
in  ammonia,  and  precipitating  the  solution  with  water.  It  is  a  heavy 
white  powder,  yellowish  when  dry,  resolved  by  heat  into  water, 
nitrogen,  ammonia,  and  mercurous  sulphate. 

M  e  r  c  u  r  0  u  s  Compounds.  —  Mercurosammonium  CJiloride, 
(NH3Hg"Cl)2,  is  the  black  precipitate  formed  when  dry  calomel  is  ex- 
posed to  the  action  of  ammonia  gas.  When  exposed  to  the  air,  it 
gives  off  ammonia  and  leaves  white  mercurous  chloride. — Bimer- 
curosammonium  Chloride,  NH2Hg"2Cl,  is  formed,  together  with  sal- 
ammonaic,  by  digesting  calomel  in  aqueous  ammonia : 

Hg2Cl2  +  2NH3  =  NHaHgsCl  -f  NH^Cl. 

it  is  grey  when  dry,  and  is  not  altered  by  boiling  water. 

Dimercurosammonium  Nitrate,  2(NH2Hg2N03)H20.  This  is  sup- 
posed to  be  the  composition  of  the  velvet-black  precipitate  known 
as  Hahnemann's  soluble  mercury,  which  is  produced  on  adding 
ammonia  to  a  solution  of  mercurous  nitrate. 


Reactions  of  M ercury  Salts. — All  mercury  compounds  are  volatilised 
or  decomposed  by  a  temperature  of  ignition ;  those  which  fail  to 
yield  the  metal  by  simple  heating  may  in  all  cases  be  made  to  do  so 
hj  heating  in  a  test-tube  with  a  little  dry  sodium  carbonate.  The 
metal  is  precipitated  from  its  soluble  combinations  by  metallic 
copper,  also  by  a  solution  of  sta7inuu^  diloride  used  in  excess. 

Hydrogen  sulphide  and  ammonium  sulphide  produce  in  solutions 
both  of  mercuric  and  of  niercurous  salts,  black  precipitates  insoluble 
in  ammonium  sulphide.  In  mercuric  salts,  however,  if  the  quantity 
of  the  reagent  added  is  not  sufficient  for  complete  decomposition,  a 
white  precipitate  is  formed,  consisting  of  a  comix)und  of  mercuric 
sulphide  with  the  original  salt,  and  often  coloured  yellow  or  brown 
by  excess  of  mercuric  sulphide.  An  excess  of  hydrogen  sulphide,  or 
ammonium  sulphide,  instantly  turns  the  precipitate  black.  This 
reaction  is  quite  characteristic  of  mercuric  salts. 

Mercuric  salts  are  further  distinguished  by  forming  a  j'eUow 
precipitate  with  caustic  potash  or  soda:  white  with  ammonin  or 
ammonium  carbonate,  insoluble  in  excess  ;  red  brown  with  potassium 
or  sodium  carbonate.    With  potassiwn  iodide  they  yield  a  bright 
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scarlet  precipitate,  soluble  in  excess,  either  of  the  mercuric  salt  or 
of  the  alkaline  iodide. 

Mercurous  salts  are  especially  characterised  by  forming,  with 
hjidrochloric  acid  or  soluble  chlorides,  a  white  precipitate  which  is 
turned  black  by.  ammonia.  They  also  yield  black  precij^itates  witli 
caustic  alkalis ;  Avhite  with  alkaline  carbonates,  soon  turning  black  ; 
greenish-yellow  with  potassium  iodide. 
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METALS  OF  THE  LEAD  GROUP. 
Lead — Thallium. 

These  metals  are  soft,  heavy,  and  form  oxides  having  a  strongly 
alkaline  reaction.  Many  of  the  compounds  of  thallium  closely  re- 
semble the  corresponding  compounds  of  the  alkali-metals.  Thus  it 
forms  a  soluble  alkaline  oxide  and  hydroxide  and  its  sulphate  is 
soluble  and  isomorphous  with  potassium  sulijhate,  uniting  in  the  same 
manner  with  aluminum  sulphate  to  form  an  alum.  The  metal  how- 
ever resembles  lead  in  density  and  other  physical  properties. 

Many  of  the  compounds  of  lead  on  the  other  hand  are  isomorphous 
with  barium  compounds,  the  nitrates  and  sulpiiates,  for  example, 
having  the  same  crystalline  form  and  similar  properties  as  to  density 
and  solubility. 

Lead  and  thallium  are  distinguished  from  both  the  alkalis  and 
alkaline  earths  by  the  black  colour  and  insolubility  of  their  sulphides, 
and  the  sparing  solubility  of  their  dichlorides. 

The  relations  of  lead  and  thallium  to  these  two  groups  are  indicated 
in  the  list  given  below,  from  which  it  is  obvious  that  thallium  stands 
towards  the  alkali- metals  in  a  position  analogous  to  that  of  lead  in 
regard  to  tlie  alkaline  earths. 

At.  Wt.  At.  Wt. 

Lead                 207  Thallium  204 

Barium            .  137  Cajsium  133 

Strontium           87"3  Rubidium  85 

Calcium              40  Potassium  39 


LEAD. 

Symbol  Pb  (Plumbum).    Atomic  weight,  207. 

Lead  has  been  known  from  very  early  times.  Remains  of  lead 
workings  show  that  it  was  smelted  in  this  country  by  the  Romans 
before  the  Christian  era. 

This  abundant  and  useful  metal  is  wholly  obtained  from  the  native 
sulphide,  or  galena,  no  other  lead-ore  being  found  in  large  quantity. 
The  reduction  is  eft'ected  in  a  reverberatory  furnace,  into  which  the 
crushed  lead-ore  is  introduced  and  roasted  for  some  time  at  a  dull 
red  heat,  by  which  some  of  the  sulphide  is  oxidised  to  oxide  and 
some  to  sulphate.  The  contents  of  the  furnace  are  then  thoroughly 
mixed,  ana  the  temperature  raised,  whereupon  the  sulphate  and 
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oxide  react  witli  the  remaining  sulphide  in  such  a  manner  as  to  pro- 
duce sulphur  dioxide  and  metallic  lead  : — 

2PbO   +  PbS  =    SO,  +  3Pb 
and  PbSO^  +  PbS  =  2S0^  +  2Pb. 

The  furnace  in  which  these  operations  are  conducted  is  of  the 
reverberatory  type,  as  shown  in  hg.  134.  The  bed  of  the  furnace  is 
formed  of  lead  slags,  and  there  is  a  depression  or  well  in  the  middle 
into  which  the  lead  runs  as  it  is  reduced.  When  the  charge  is  worked 
out,  the  fluid  metal  is  run  off  into  an  iron  pot  outside,  from  Avhich, 
after  stirring  and  skimming,  it  can  be  cast  into  pigs. 

The  lead  thus  produced  sometimes  contains  antimony  and  other 
metals,  which  render  it  hard.  They  may,  however,  be  removed 
and  the  lead  rendered  soft  by  melting  and  partially  oxidising  it  in 
a  reverberatory  furnace  with  a  cast-iron  bottom.    The  lead  so  far 

Fig,  134. 


purified  still  contains  silver  in  sufficient  quantity  to  render  it  worth 
extracting  ;  in  fact,  a  considerable  proportion  of  the  silver  which 
now  conies  into  the  market  is  obtained  from  argentiferous  galena. 
The  method  of  separating  the  silver  will  be  described  under 
"  Silver." 

Lead  is  a  soft  bluish  metal,  possessing  very  little  elasticity  ;  its 
density  is  ir45.  It  may  be  easily  rolled  out  into  plates,  or  drawn 
out  into  coarse  wires,  hut  has  very  little  tenacity.  It  melts  at 
327°,  and  boils  and  volatilises  at  a  white  heat.  By  slow  cooling, 
it  may  be  obtained  in  octahedral  crystals.  In  moist  air  it  becomes 
coated  with  a  film  of  grey  matter,  thought  to  be  sub-oxide,  and 
when  exposed  to  the  atmosphere  in  the  melted  state  it  rapidlj'' 
absorbs  oxygen.  Dilute  acids,  with  the  exception  of  nitric  acid,  act 
but  slowly  upon  lead. 

An  alloy  of  2  parts  of  lead  and  1  of  tin  constitutes  plumhei^s 
voii.  I.  2d 
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solder;  these  proportions  reversed  giv^e  a  more  fusible  compound, 
called  fine  solder.  The  lead  employed  in  the  iiianut'acture  of  shot  is 
combined  with  a  little  arsenic.  Type  metal  consists  of  lead  hardened 
by  the  addition  of  antimony  and  sometimes  tin.  Pewter  contains 
about  1  part  of  lead  to  4  parts  of  tin.  A  small  quantity  of  lead, 
about  1  i)er  cent.,  is  added  to  brass  which  is  intended  for  rolling. 

Lead  is  a  tetrad,  as  shown  by  the  composition  of  plumbic  ethide, 
Pb(C2H5)4,  and  of  the  perchloride,  PbGl4,  the  peracetate  Pb(C2H30.2)4 
and  the  peroxide  PbOj.  In  the  greater  niiraber  of  its  compounds, 
however,  it  is  bivalent,  as  in  the  dichloride,  PbCl2,  the  corresponding 
bromide  and  iodide,  and  the  monoxide  PbO. 

Chlorides. — The  Dichloride,  PbCla,  is  prepared  by  precipitating  a 
solution  of  lead  nitrate  or  acetate  with  hydrochloric  acid  or  commou 
salt,  and  separates  as  a  heavy  white  crystalline  precipitate,  which 
dissolves  in  about  33  parts  of  boiling  water,  and  separates  again,  on 
cooling,  in  needle-shaped  crystals. 

The  Perchloride,  probably  PbCl4,  is  obtained  by  dissolving  the 
dioxide  in  strong  well-cooled  hydrochloric  acid,  whereby  a  yellow, 
strongly  oxidising  solution  is  obtained,  from  which  water  and  alkalis 
throw  down  the  dioxide. 

Oxychlorides. — The  compound  PbgCljOj  or  PbCUjSPbO  occurs 
crystallised  in  rhombic  prisms  on  the  Mendip  Hills,  and  is  thence 
called  Mendvpite.  Another  oxychloride,  constituting  Pattinson's 
white  oxychloride,  Pb^Cl^O  or  PbClgiPbO,  is  prepared  for  use  as  a 
pigment  by  grinding  galena  with  strong  hydrochloric  acid,  dissolving 
the  resulting  chloride  in  hot  water,  and  precipitating  with  lime- 
water.  A  third  oxychloride,  PbCl2,7PbO,  called  Patent  yellow  or 
Turner'^s  yellow,  is  prepared  by  heating  1  part  of  sal-ammoniac  with 
13  parts  of  litharge. 

Lead  Iodide,  PbT2,  is  precipitated,  on  mixing  the  nitrate  or 
acetate  with  potassium  iodide,  as  a  bright  yellow  powder,  which 
dissolves  in  boiling  water,  and  crystallises  therefrom  in  beautiful 
yellow  iridescent  spangles. 

Oxides. — Diplumbic  Oxide,  or  Lead  Suboxide,  PbjO,  is  formed  when 
the  oxalate  is  heated  in  a  closed  vessel :  a  grey  pulverulent  substance 
is  then  left,  which  is  resolved  by  acids  into  monoxide  and  metal.  It 
absorbs  oxygen  with  great  rapidity  when  heated,  and  even  when 
simply  moistened  with  water  and  exposed  to  the  air. 

The  Monoxide,  PbO,  called  Litharge  or  Massicot,  is  the  product  of 
the  direct  oxidation  of  the  metal.  It  is  most  conveniently  prepared 
by  heating  the  carbonate  to  dull  redness  ;  common  litharge  is  impure 
monoxide  which  has  undergone  fusion.  Lead  oxide  has  a  delicate 
straw-yellow  colour,  is  very  heavy,  and  slightly  soluble  in  water, 
giving  an  alkaline  liquid.  It  is  soluble  in  pofaish,  and  crystallises 
from  the  solution  in  rhombic  prisms.  At  a  red  heat  it  melts,  and 
tends  to  crystallise  on  cooling.    In  the  melted  state  it  attacks  and 
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dissolves  siliceous  matter  with  astonishing  facility,  often  penetrating 
an  earthen  crucible  in  a  few  minutes.  It  is  easily  reduced  when 
heated  with  organic  substances  of  any  kind  containing  carbon  or 
hydrogen.  It  forms  a  large  class  of  salts,  often  called  plumbic  salts, 
which  are  colourless  if  tlie  acid  itself  is  not  coloured. 

A  Hydroxide,  Pb20(OH)2  or  HOPb.O.Pb.OH,  is  obtained  as  a 
white  precipitate  by  the  action  of  air  and  water  free  from  carbonic 
acid  on  metallic  lead,  and  is  thrown  down  as  a  white  precipitate  on 
addition  of  ammonia  or  a  fixed  alkali  to  a  lead  salt,  the  precipitate 
in  the  latter  case  being  redissolved  by  excess  of  the  reagent.  The 
hydroxide  gives  off  part  of  its  water  at  130°,  and  the  whole  at  145°. 
Both  the  hydroxide  and  the  oxide  are  somewhat  soluble  in  water, 
and  turn  reddened  litmus  paper  blue. 

The  Sesquioxide,  Pb203,  is  formed  by  the  action  of  sodium  hypo- 
chlorite on  a  solution  of  the  monoxide  in  potash,  and  when  a 
solution  of  red  lead  in  acetic  acid  is  precipitated  by  very  dilute 
ammonia.  The  reddish-yellow  powder  thus  formed  contains  water, 
part  of  which  it  retains  even  at  150°.  It  is  resolved  by  acids  into 
PbO  and  PbOg. 

Triplumbic  Tetroxide,  or  Bed  Lead,  is  not  of  very  constant  com- 
position, but  generally  contains  PbgO^  or  2PbO,Pb02.  It  is  pre- 
pared by  exposing  the  monoxide,  which  has  not  been  fused,  for  a 
long  time  to  the  air,  at  a  very  faint  red  heat.  It  is  a  brilliant  red 
and  extremely  heavy  powder,  decomposed,  with  evolution  of  oxygen, 
by  a  strong  heat,  and  converted  by  acids  into  a  mixture  of  monoxide 
and  dioxide.    It  is  used  as  a  cheap  substitute  for  vermilion. 

The  Dioxide,  PbOg,  often  called  Piice  or  Brown  Lead-oxide,  is  easily 
obtained  by  digesting  red  lead  in  dilute  nitric  acid,  whereby  lead 
nitrate  is  dissolved  out,  and  insoluble  dioxide  left  behind  in  the 
form  of  a  deep-brown  powder.  It  is  also  formed  by  the  action  of 
chlorine  on  lead  salts  in  presence  of  alkalis,  and  by  the  electrolysis 
of  lead  salts,  being  deposited  on  the  anode.  The  dioxide  is  decom- 
posed by  a  red  heat  yielding  up  one-half  of  its  oxygen.  By  hydro- 
chloric acid  at  common  temperatures  it  is  converted  into  lead 
chloride,  with  disengagement  of  chlorine,  and  by  hot  sulphuric  acid 
into  sulphate,  with  liberation  of  oxygen. 

Lead  dioxide  dissolves  in  warm  undiluted  acetic  acid,  and  the 
solution  on  cooling  yields  thin,  colourless,  prismatic  crystals  of  a 
definite  tetracetate,  Pb(C2H302)4.  This  compound  may  also  be 
obtained  from  red-lead.  It  is  decomposed  by  water  with  precipita- 
tion of  the  dioxide.  On  the  otlier  hand  lead  dioxide,  when  fused  witli 
excess  of  potassium  hydroxide,  yields  crystalline  potassium  plumhcite, 
K2Pb0321i20,  the  solution  of  which  gives,  with  most  metallic  salts, 
precipitates  of  the  corresponding  plunibates. 

The  dioxide  is  very  useful  in  separating  sulphurous  oxide  from 
gaseous  mixtures,  lead  sulphate  being  then  produced  :  PbOi,-f  S0.,= 
PbSO^. 

Experiment. — 1.  Weigh  as  exactly  as  possible  10  grams  of  sheet- 
lead  in  a  small  fireclay  or  porcelain  dish.    Anassayer's  roasting  dish 
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is  best.  Place  it  over  a  Bunsen  flame,  heat  till  the  lead  is  melted, 
then  stir  frequently  with  an  iron  wire.  The  lead  speedily  becomes 
encrusted  with  oxide,  but  its  complete  conversion  into  this  compound 
will  occupy  some  hours.  The  dish  or  crucible  must  not  be  heated 
to  such  a  temperature  as  to  melt  the  oxide.  When  finished  weigh 
the  product.    207  grams  of  lead  should  give  223  grams  of  PbO. 

2.  Mix  carefully  in  a  mortar  22|  grams  of  litharge  with  about 
2  grams  of  charcoal  powder.  Place  the  whole  of  the  mixture  in  a 
small  crucible  ;  heat  strongly  but  not  to  redness,  stir  round  with  an 
iron  wire,  then  holding  the  crucible  by  tongs  tap  it  gently  so  as  to 
cause  all  the  lead  to  settle  to  the  bottom.  Let  it  cool,  extract  the 
button  of  lead  and  weigh  it.  It  should  weigh  about  20^  grams. 
PbO  =  223  gives  Pb  =  207. 

3.  ]\Iix  a  little  red  lead  with  water,  add  some  nitric  acid,  heat 
gently  for  a  quarter  of  an  hour,  filter  off  the  brown  powder,  wash  it 
with  hot  water,  and  dry  it.  This  is  PbOg.  The  solution  contains 
lead  nitrate.  Allow  it  to  crystallise.  Examine  the  crystals  and 
compare  them  with  crystals  of  barium  nitrate, 

LeaS  Sulphate,  PbS04,  occurs  native  as  Lea^.-vitriol  or  Anglesite 
in  transjaarent  rhombic  crystals  isomorphous  with  ca3lestin,  SrS04, 
and  heavy  sjoar,  BaS04,  and  is  obtained  as  a  white  powder  soluble 
in  alkalis,  by  precipitating  a  lead  salt  with  sulphuric  acid  or  a 
soluble  sulphate. 

Lead  Nitrate,  Pb(N03)2,  may  be  obtained  by  dissolving  lead 
carbonate  in  nitric  acid,  or  by  acting  directly  upon  the  metal  with 
the  same  agent  aided  by  heat :  it  is,  as  already  noticed,  a  by^-product 
in  the  preparation  of  the  dioxide.  It  crystallises  in  anhydrous  octa- 
hedrons, which  are  usually  milk-white  and  opaque.  It  dissolves  in 
7|  parts  of  cold  water,  and  is  decomposed  by  heat,  yielding  nitrogen 
tetroxide,  oxygen,  and  lead  monoxide,  which  obstinately  retains 
traces  of  nitrogen. 

Expe>-iments. — Dissolve  with  the  aid  of  heat  a  few  scraps  of  thin 
sheet-lead  in  nitric  acid  diluted  with  three  or  four  times  its  volume 
of  water.  Nitric  oxide  gas  is  evolved.  Crystallise  out  the  salt, 
examine  the  crystals  and  redissolve  them  in  distilled  water.  Then 
placing  portions  of  the  solution  in  separate  test-tubes,  add  hydro- 
chloric acid,  dilute  sulphuric  acid,  potassium  iodide,  and  hydrogen 
sulphide,  and  observe  the  eft'ect  in  each  case,  referring  to  the  text  for 
an  account  of  the  compounds  formed. 

When  a  solution  of  lead  nitrate  is  boiled  with  an  additional 
quantity  of  lead  oxide,  a  portion  of  the  latter  is  dissolved,  and  a 
basic  nitrate  generated,  which  may  be  obtained  in  crystals.  Carbonic 
acid  separates  this  excess  of  oxide  in  the  form  of  a  white  compound 
of  carbonate  and  hydrate  of  lead. 

By  boiling  a  solution  of  lead  nitrate  for  several  hours  with  lead- 
turnings,  a  number  of  basic  nitrates  and  nitrites  of  lead  may  be 
obtained.    As  the  action  progresses,  the  amount  of  nitrate  and  oxide 
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or  hydroxide  in  the  salts  produced  increases  continually  in  proportion 
to  the  nitrate. 

Lead  Phosphates. — The  Normal  Orthophosphate,  Pb3(P04)2,  is 
obtained  as  a  white  precipitate  on  adding  ordinary  sodium  phosphate 
to  a  solution  of  lead  acetate.  A  boiling  solution  of  lead  nitrate 
mixed  with  phosphoric  acid  yields  a  glittering  white  crystalline 
precipitate  of  an  acid  phosphate,  HPbPOj.  A  phosphato-chloride 
of  lead,  Pb.,(P04)2,Pb2(P04)C],  occurs  native  as  pyromorphite,  and  the 
corresponding  arsenato-chloride  as  mimetesite.  In  both  these  minerals 
a  portion  of  tlae  chloride  is  usually  replaced  by  fluorine. 

Lead  Silicates. — Silica  fuses  with  lead  oxide  to  a  yellow  glass. 
Lead  silicate  forms  a  constituent  of  flint-glass. 

Lead  Carbonates. — The  N&rmal  Salt,  PbCOj,  occurs  native  as 
cerusite  in  white  rhombic  crystals  isomorphous  with  arragonite  ;  also 
in  pseudoniorphs  after  galena  and  lead  sulphate.  The  same  com- 
pound is  formed  by  precipitating  a  cold  solution  of  lead  acetate 
with  carbonate  of  ammonia,  and  by  passing  carbon  dioxide  into  a 
dilute  solution  of  normal  lead  acetate. 

Lead  forms  several  basic  carbonates,  the  most  important  of  which, 
known  as  JVliite  Lead,  is  manufactured  on  a  very  large  scale  for  the 
use  of  the  painter.  Of  the  many  methods  put  in  practice,  or  pro- 
posed, for  making  white  lead,  the  two  following  are  the  most  im- 
portant. One  of  these  consists  in  forming  a  basic  nitrate  or  acetate 
of  lead  by  boiling  finely  powdered  litharge  with  the  normal  salt. 
This  solution  is  then  brouglit  into  contact  with  carbon  dioxide  gas, 
whereby  all  the  excess  of  oxide  previously  taken  up  by  the  normal 
salt  is  at  once  precipitated  as  white  lead,  and  the  solution  strained 
or  pressed  from  the  latter  is  again  boiled  with  litharge  and  treated 
with  the  gas,  these  processes  being  susceptible  of  indefinite  repe- 
tition. 

The  second,  usually  known  as  the  Dutch  method,  and  by  far  the 
more  ancient  is  rather  more  complex,  and  at  first  sight  not  very  in- 
telligible. A  great  number  of  earthen  jars  are  prepared,  into  each  of 
which  is  poured  a  few  ounces  of  crude  wood-vinegar  ;  a  roll  of  sheet- 
lead  is  then  introduced  in  such  a  manner  that  it  shall  neither  toucli 
the  vinegar  nor  project  above  the  top  of  the  jar.  The  vessels  are 
next  arranged  in  a  large  building,  side  by  side,  upon  a  layer  of  stable 
manure,  or  better,  spent  tan,  and  closely  covered  Avith  boards.  A 
second  layer  of  tan  is  spread  upon  the  top  of  the  latter,  and  then  a 
second  series  of  pots  ;  these  are  in  turn  covered  with  boards  and 
decomposing  bark,  and  in  this  manner  a  pile  of  many  alternations  is 
constructed.  After  the  lapse  of  a  few  months,  the  pile  is  taken 
down,  and  the  sheets  of  lead  are  removed  and  carefully  unrolled  ; 
they  are  then  found  to  be  in  great  part  converted  into  carbonate, 
which  merely  requires  washing  and  grinding  to  be  fit  for  use.  The 
nature  of  this  curious  process  is  generally  explained  by  supposing 
that  the  vapour  of  vinegar  raised  by  the  high  temperature  due  to 
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the  fermentation  of  the  tan,  together  with  the  oxygen  of  the  air 
present,  gives  rise  to  the  formation  of  basic  acetate  of  lead,  which  by 
contact  with  the  carbon  dioxide  likewise  evolved  from  the  decompos- 
ing organic  matter,  is  converted  into  basic  carbonate. 

White  lead  is  a  white  heavy  amorphous  powder,  appearing  under 
the  microscope  as  an  aggregate  of  round  transparent  globules,  having 
a  diameter  of  one  to  four  hundred-thousandths  of  an  inch.  The 
product  obtained  by  the  method  above-described  is  generally  pre- 
ferred to  those  obtained  by  other  processes,  on  account  of  its  superior 
opacity  or  "body."  Commercial  white  lead,  however  prepared, 
always  contains  a  certain  proportion  of  hydroxide. 

When  clean  metallic  lead  is  put  into  pure  water  and  exposed  to 
the  air,  a  white  crystalline  scaly  powder  begins  to  show  itself  in  a 
few  hours,  and  very  rapidly  increases  in  quantity.  This  substance 
may  consist  of  lead  hydroxide,  formed  by  the  action  of  the  oxygen 
dissolved  in  the  water  upon  the  lead.  It  is  slightly  soluble,  and 
may  be  readily  detected  in  the  water.  In  most  cases,  however,  the 
formation  of  this  deposit  is  due  to  the  action  of  the  carbonic  acid 
dissolved  in  the  water  :  it  consists  of  carbonate  in  combination  with 
hydroxide,  and  is  nearly  insoluble  in  water.  When  common  river 
or  spring  water  is  substituted  for  the  pure  liquid,  this  effect  is  less 
observable,  the  little  sulphate  almost  invariably  present  causing  the 
deposition  of  a  very  thin  but  closely  adherent  film  of  lead  sulphate 
upon  the  surface  of  the  metal,  which  protects  it  from  further  action. 
It  is  on  this  account  that  leaden  cisterns  are  used  with  impunity,  at 
least  in  most  cases,  for  holding  water  :  if  the  latter  were  quite  pure, 
it  would  be  speedily  contaminated  with  lead,  and  the  cistern  would 
be  soon  destroyed.  Natural  water  highly  charged  with  carbonic 
acid  cannot  under  any  circumstances  be  kept  in  lead  or  passed 
through  leaden  pipes  with  safety,  the  carbonate,  though  insoluble  in 
pure  water,  being  slightly  soluble  in  water  containing  carbonic  acid. 

Lead  Sulphide,  PbS,  occurs  native  as  galena  in  cubes  or  other 
forms  of  the  regular  system,  having  a  bluish-grey  colour,  and  a 
density  of  7'25  to  77.  The  same  compound  is  obtained  in  crystal- 
line form  by  passing  sulphur-vapour  over  metallic  lead,  the  combi- 
nation being  attended  with  vivid  combustion;  also  by  fusing  lead 
oxide  with  excess  of  sulphur;  and  as  a  black  amorphous  precipit^ite 
by  passing  hydrogen  sulphide  into  a  solution  of  nitrate  or  acettvte  of 
lead.  A  chlorosulphide,  PbCljjSPbS,  is  obtained  as  a  red  precipitate 
on  passing  a  small  quantity  of  hydrogen  sulphide  into  the  solution 
of  a  lead  salt  containing  hydrochloric  acid.  An  excess  of  hydrogen 
sulphide  converts  it  into  the  sulphide. 

The  soluble  salts  of  lead  behave  with  reagents  as  follows  : — 
Caustic  potash  and  soda  precipit;ite  a  white  hydroxide  freely 
soluble  in  excess.  Amynonia  gives  a  similar  white  precipit<ite  not 
soluble  in  excess.  The  carbonates  of  pota^itm,  sodium,  and  ammo- 
nium precipitate  lead  carbonate,  insoluble  in  excess.  Suljyhiiric  arid 
or  a  sulphate  causes  a  white  precipitate  of  lead  sulphate,  insoluble 
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in  nitric  acid.  Hydrogen  sulphide  and  ammonivrri' sxi^jhide  tbtow 
down  black  lead  sulphate.  Lead  is  readily  detected  before  the 
blow-pipe  by  fusing  the  compound  under  examination  on  charcoal 
with  sodium  carbonate,  when  a  bead  of  metal  is  easily  obtained, 
which  may  be  recognised  by  its  chemical  as  well  as  by  its  physical 
properties. 


THALLIUM. 

Symbol,  Tl.    Atomic  weight,  204. 

This  element  was  discovered  by  Crookes,  in  1861,  in  the  seleni- 
ferous  dejDosit  of  a  lead-chamber  of  a  sulphuric  acid  factory  in  the 
Hartz  mountains,  where  iron  pyrites  is  used  for  the  manufacture  of 
sulphuric  acid.  The  name  is  derived  from  ea\\6s,  a  green  shoot  or 
branch,  because  the  existence  of  this  metal  was  first  recognised  by  an 
intense  green  line,  appearing  in  the  spectrum  of  a  flame  in  which 
thallium  is  volatilised.  It  was  first  suspected  to  be  a  non-metallic 
element,  but  further  examination  proved  it  to  be  a  true  metal.  It 
was  first  obtained  in  a  distinct  metallic  form  by  Crookes  towards  the 
end  of  the  year  1861,  and  soon  afterwards  by  Lamy,  who  prepared 
it  from  the  deposit  in  the  lead-chamber  of  M.  Kuhlmann  of  Lille, 
where  Belgian  pyrites  is  employed  for  the  manufacture  of  sulphuric 
acid. 

Thallium  appears  to  be  very  widely  diffused  as  a  constituent  of 
iron  and  copper  pyrites,  though  it  never  constitutes  more  than  the 
4000th  part  of  the  bulk  of  the  ores.  It  has  also  been  found  in 
lepidolite  from  Moravia,  in  mica  from  Zinnwald  in  Bohemia,  and 
in  the  mother-liquors  of  the  salt-works  at  Nauheim. 

Thallium  is  most  economically  pre23ared  from  the  flue-dust  of 
pyrites  hiurners.  This  substance  is  stirred  up  in  wooden  tubs  with 
boiling  water,  and  the  clear  liquor,  siphoned  oft'  from  the  deposit,  is 
mixed  with  excess  of  strong  hydrochloric  acid,  which  precipitates 
impure  thallium  monochloride.  To  obtain  a  pure  salt,  this  crude 
chloride  is  added  by  small  portions  at  a  time  to  half  its  weight  of 
hot  oil  of  vitriol  in  a  porcelain  or  platinum  dish,  the  mixture  being 
constantly  stirred,  and  the  heat  continued  till  the  whole  of  the 
hydrochloric  acid  and  the  greater  portion  of  the  excess  of  sulphuric 
acid  are  driven  off.  The  i'used  acid  sulphate  is  now  to  be  dissolved 
in  an  excess  of  water,  and  an  abundant  stream  of  hydrogen  sulphide 
passed  through  the  solution.  The  precipitate,  which  may  contain 
arsenic,  antimony,  bismuth,  lead,  mercury,  and  silver,  is  separated 
hy  filtration,  and  the  filtrate  is  boiled  till  all  free  hydrogen  sul- 
phide is  removed.  The  liquid  is  now  to  be  rendered  alkaline  with 
ammonia,  and  boiled  ;  the  precipitate  of  iron  oxide  and  alumina, 
which  generally  appears  in  this  place,  is  filtered  off ;  and  the  clear 
solution  evaporated  to  a  small  bulk.  Thallium  sulpliate  then  sepa- 
rates on  cooling,  in  long  clear  prismatic  crystals. 
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Metallic  thallium  may  be  reduced  from  the  solution  of  the  sul- 
jjliate  either  by  electrolysis  or  by  the  action  of  zinc. 

Thallium  is  a  heavy  metal,  resembling  lead  in  its  physical  pro- 
perties. When  freshly  cut,  it  exhibits  a  brilliant  metiillic  lustre 
and  greyish  colour,  somewhat  between  that  of  silver  and  that  of  lead, 
assuming  a  sliglit  yellowish  tint  by  friction  with  harder  bodies.  It 
is  very  soft,  being  readily  cut  with  a  knife,  and  making  a  streak 
on  paper  like  plumbago.  It  is  very  malleable,  is  not  easily  draw)i 
into  wire,  but  may  be  readily  squeezed  into  that  form  by  the  pro- 
cess technically  called  "squirting."  It  has  a  highly  crystalline 
structure,  and  crackles  like  tin  when  bent.    It  melts  at  294°. 

In  contact  with  the  air,  thallium  tarnishes  more  rapidly  than  lead, 
becoming  coated  with  a  thin  layer  of  oxide,  which  preserves  the  rest 
of  the  metal. 

The  most  characteristic  property  of  thallium  is  the  bright  green 
colour  which  the  metal  or  any  of  its  compounds  imparts  to  a  colour- 
less flame  ;  and  this  colour,  when  viewed  by  the  spectroscope,  is 
seen  to  be  absolutely  monochromatic,  appearing  as  one  intensely 
brilliant  and  sliarp  green  line. 

Thallium  dissolves  in  hydrochloric,  sulphuric,  and  nitric  acids, 
the  latter  attacking  it  very  energetically,  with  copious  evolution  of 
red  vapours. 

Thallium  forms  two  classes  of  compounds — namely,  the  thallious 
compounds,  in  which  it  is  univalent:  and  the  thallic  com- 
pounds, in  which  it  is  trivalent.  Thus  it  forms  two  oxides,  TljO 
and  TlgOg,  with  corresponding  chlorides,  bromides,  iodides,  and 
oxygen-salts.  In  some  of  its  chemical  relations  it  resembles  the 
alkali-metals,  forming  a  readily  soluble  and  highly  alkaline  mon- 
oxide, a  soluble  and  alkaline  carbonate,  an  insoluble  platinochloride, 
a  thallio-aluminic  sulphate,  similar  in  form  and  composition  to 
common  potash  alum,  and  several  phosphates  exactly  analogous  in 
composition  to  the  phosphates  of  sodium.  In  most  respects,  however, 
it  is  more  nearly  allied  to  the  heavy  metals,  especially  to  lead,  whicli 
it  resembles  closely  in  appearance,  density,  melting-point,  specitio 
heat,  and  electric  conductivity  ;  also  in  giving  a  black  precipitate 
with  hydrogen  sulphide,  and  a  Avhite  precipitate  with  soluble 
chlorides. 

Thallium  Chlorides — Thallium  forms  four  chlorides,  represented 
by  the  i'ormuliE  TlCl,  TI4CI0,  TlgCl^,  and  TICI3  ;  the  second  and  third 
of  which  may  be  regarded  as  compounds  of  the  mouochloride  and 
trichloride. 

The  Monochloride  or  Thallious  Cliloride,  TlCl,  is  formed  by  direct 
combination,  the  metal  burning  when  heated  in  chlorine  gas  ;  or  as 
a  white  curdy  precipitate  resembling  silver  chloride,  by  treating  the 
solution  of  any  thallious  salt  M'ilh  a  soluble  chloride.  When  boiled 
with  water  it  dissolves  like  lead  chloride,  and  separates  in  white 
crystals  on  cooling.  It  forms  double  salts  with  trichloride  of  gold 
and  tetrachloride  of  platinum.    The  platinum  salt,  2TlCl,PtCl4 
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separates  as  a  pale  yellow,  very  slightly  soluble,  crystalline  powder, 
on  adding  platinic  chloride  to  thallious  chloride. 

The  Trichloride  or  Thallic  Chloride,  TICI3,  is  obtained  by  dissolving 
the  trioxide  in  hydrochloric  acid,  or  by  acting  upon  thallium,  or 
one  of  the  lower  chlorides,  with  a  large  excess  of  chlorine  at  a  gentle 
heat.  It  is  soluble  in  water,  and  separates  by  evaporation  in  a 
vacuum  in  hydrated  crystals  ;  it  melts  easily,  and  decomposes  at 
a  high  temperature.  It  forms  crystalline  double  salts  with  the 
chlorides  of  the  alkali-metals. 

The  Sesquichloride,  Ti4Clfl  =  TlCl3,3TlCl,  is  produced  by  dissolving 
thallium  or  the  monochloride  in  nitromuriatic  acid,  and  separates 
on  cooling  in  yellow  crystalline  scales.  By  aqueous  ammonia, 
potash,  or  even  by  thallious  oxide,  it  is  instantly  decomposed  into 
sesquioxide  and  monochloride,  according  to  the  equation  : 

2Tl4Cle  +  3KH0  =  Tl.Oj  +  6T1C1  +  3KC1  +  3HC1. 

The  Bichloride,  Tl2Cl4  =  TlCl3,TlCl,  is  formed  by  carefully  heat- 
ing thallium  or  the  monochloride  in  a  slow  current  of  chlorine.  It 
is  a  pale-yellow  substance  reduced  to  sesquichloride  by  further 
heating. 

The  Bromides  of  thallium  resemble  the  chlorides. 

Iodides. — Thallious  Iodide,  Til,  is  formed  by  direct  combination 
of  its  elements,  or  by  double  decomposition.  It  forms  a  beautiful 
yellow  powder,  rather  darker  than  sulphur,  and  melting,  below  red- 
ness, to  a  scarlet  liquid,  which,  as  the  mass  cools,  remains  scarlet  for 
some  time  after  solidification,  then  changes  to  bright  yellow.  The 
dried  precipitate,  when  spread  on  paper  with  a  little  gum-water, 
undergoes  a  similar  but  opposite  change  to  that  experienced  by  mer- 
curic iodide  when  heated,  the  yellow  surface  when  held  over  a  flame 
suddenly  becoming  scarlet,  and  frequently  remaining  so  after  cooling 
for  several  days  ;  hard  friction  with  a  glass  rod,  however,  changes 
the  scarlet  colour  back  to  yellow.  It  is  very  slightly  soluble  in  water, 
requiring,  according  to  Crookes,  4453  parts  of  water  at  17'2°,  and 
842'4  parts  at  100°,  to  dissolve  it. 

Thallic  Iodide,  TII3,  is  formed  by  the  action  of  thallium  on  iodine 
dissolved  in  ether,  as  a  brown  solution  which  gradually  deposits 
rhombic  prisms.  It  forms  crystalline  compounds  with  the  iodides 
of  the  alkali-metals. 

Thallium  Oxides. — Thallium  forms  a  monoxide  and  a  trioxide. 

The  Monoxide  or  Thallious  Oxide,  TlgO,  constitutes  the  chief  part 
of  the  crust  which  forms  on  the  surface  of  the  metal  when  exposed 
to  the  air.  It  may  be  prepared  by  allowing  granulated  thallium  to 
oxidise  in  warm  moist  air,  and  then  boiling  with  water.  The  fil- 
tered solution  first  deposits  white  needles  of  thallium  carbonate, 
and,  on  further  cooling,  yellow  needles  of  the  hydroxide,  TIHO, 
which,  when  left  over  oil  of  vitriol  in  a  vacuum,  yields  the 
anhydrous  monoxide  as  a  reddish-black  mass  retaining  the  shape 
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of  the  crystals.  It  is  partially  reduced  to  metal  by  hydrogen  at  a 
red  heat.  When  fused  with  sulphur  it  yields  tliallious  sulphide. 
It  dissolves  readily  in  water,  forming  a  colourless  strongly  alkaline 
solution,  which  reacts  with  metallic  salts  very  much  like  caustic 
potash.  This  solution  treated  with  zinc,  or  subjected  to  electrolysis, 
yields  metallic  thallium. 

The  Trioxide  or  Thallic  Oxide,  is  the  chief  product  obtained  by 
burning  thallium  in  oxygen  gas.  It  is  best  prepared  by  adding 
potash  to  the  solution  of  a  thallic  salt,  and  drying  the  precipitate  at 
260°.  It  is  also  formed  by  electrolysis  of  thallious  sulphate.  It  is  a 
dark -red  powder  reduced  to  thallious  oxide  at  a  red  heat ;  neutral, 
insoluble  in  water  and  in  alkalis.  Thallic  hydrate,  Tr"0(HO),  is 
obtained  by  drying  the  above-mentioned  precipitate  at  100°. 

Thallium  Sulphates. — Thallious  sulphate,  TI2SO4,  obtained  by 
evaporating  the  chloride  or  nitrate  with  sulphuric  acid,  or  by  heating 
metallic  thallium  with  that  acid,  crystallises  in  anhydrous  rhombic 
prisms,  isomorphous  with  potassium  sulphate.  It  forms,  Avith 
aluminium  sulphate,  the  salt,  A1T1(S04)2,12H,0,  isomorphous  with 
common  alum  ;  and  with  the  sulphates  of  magnesium,  nickel,  etc., 
double  salts  containing  6  molecules  of  water,  and  isomorphous 
with  magnesium  and  potassium  sulphate,  etc.  —  Tliallic  sulphate, 
Tl2(S04)3,7H20,  separates  by  evaporation  from  a  solution  of  thallic 
oxide  in  dilute  sulphuric  acid,  in  thin  colourless  laminre,  which 
are  decomposed  by  water,  even  in  the  cold,  with  sepai'ation  of  brown 
thallic  oxide. 

Thallium  Phosphates. — The  thallious  phosphates  form  a  series 
nearly  as  complete  as  those  of  the  alkali-metals,  which  they  also 
resemble  in  their  behaviour  when  heated.  There  are  three  orthO' 
phosphates,  containing  respectively  H2TIPO4,  HTUPOj,  and  Tl3P0.j, 
The  first  two  are  soluble  in  water  ;  the  second  is  obtained  by  neutral- 
ising boiling  dilute  phosphoric  acid  with  thallious  carbonate,  and  the 
first  by  mixing  the  dithallious  salt  with  excess  of  phosphoric  acid. 
The  trithallious  salt,  TI.JPO4,  is  very  sparingly  soluble,  and  is  formed 
as  a  crystalline  precipitate  on  mixing  the  saturated  solutions  of 
ordinary  disodic  phosphate  and  thallious  sulphate  ;  also,  together 
with  ammonio-thallious  phosphate,  by  treating  the  monothallious  or 
dithallious  salt  with  excess  of  ammonia.  There  are  two  thallious 
pyrophosphates,  H.2TI2P207,  and  T14P20;,  both  very  soluble  in  water  : 
the  first  produced  by  carefully  heating  monothallious  orthophosphate, 
the  second  by  strongly  heating  dithallious  orthophosphate.  Of 
thallious  metaphosphate,  T1P0.„  there  are  two  modifications  :  the  first 
remaining  as  a  slightly  soluble  vitreous  mass  when  monothallious 
orthophosj^hate  is  strongly  ignited,  the  second  obtained  is  an  easily 
soluble  glass  by  igniting  ammonio-thallious  orthophosphate. 

Thallic  Orthophosphate,  Tr"P04,2HoO,  separates  as  an  insoluble 
gelatinous  precipitate  on  diluting  a  solution  of  thallic  nitrate  mixed 
with  phosphoric  acid. 
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Thallious  Carbonate,  TlgCOg,  is  deposited  in  crystals,  appa- 
rently trinietric,  when  a  solution  of  tliallious  oxide  is  exposed  to  the 
air.  It  is  soluble  in  water,  and  the  solution  has  a  slightly  caustic 
taste  and  alkaline  reaction. 

Thallium  Sulphide,  TlgS. — This  compound  is  precipitated  from 
all  thallious  salts  by  ammonium  sulphide,  and  from  the  acetate, 
carbonate,  or  oxalate,  by  hydrogen  sulphide  (incompletely  also  from 
the  nitrate,  sulphate,  or  chloride),  in  dense  flocks  of  a  greyish  or 
brownish-black  colour.  Thallic  salts  appear  to  be  reduced  to 
thallious  salts  by  boiling  with  ammonium  sulphide.  Thallium  sul- 
phate projected  into  fused  potassium  cyanide  is  reduced  to  sulphide, 
which  then  forms  a  brittle  metal-looking  mass,  having  the  lustre  of 
plumbago,  and  fusing  more  readily  than  metallic  thallium. 

Reactions  of  Thallium  Salts. — The  reactions  of  thallious  salts 
with  hydrogen  sulphide  and  ammonium  sulphide  have  just  been 
mentioned. — From  their  aqueous  solutions  thallium  is  rapidly  pre- 
cipitated in  metallic  crystals  by  zinc,  slowly  by  iron.  Soluble  chlorides 
precipitate  difficultly  soluble  white  thallious  chloride  ;  soluble  hro- 
mides  throw  down  white,  nearly  insoluble  bromide ;  soluble  iodides 
precipitate  insoluble  yellow  thallious  iodide.  Caustic  alkalis  and 
alkaline  carbonates  form  no  precipitate  ;  sodium  phosphate  forms  a 
white  precipitate,  insoluble  in  ammonia,  easily  soluble  in  acid. 

Potassium  chromate  gives  a  yellow  precijiitate  of  thallious  chro- 
mate,  iijsoluble  in  cold  nitric  or  sulphuric  acid,  but  turning  orange- 
red  on  boiling  in  the  acid  solution. — Platinic  chloride  precipitates  a 
very  pale-yellow  insoluble  double  salt. 

Thallic  salts  are  easily  distingiiished  from  thallious  salts  by 
their  behaviour  with  alkalis,  and  with  soluble  chlorides  or  bromides. 
Their  solutions  give  with  ammonia,  and  with  fixed  alkalis  and  their 
carbonates,  a  brown  gelatinous  precipitate  of  thallic  oxide,  containing 
the  whole  of  the  thallium.  Soluble  chlorides  or  bromides  produce  no 
precipitate  in  solutions  of  pure  thallic  salts  ;  but  if  a  thallious  salt 
is  likewise  present,  a  precipitate  of  sesquichloride  or  sesquibromide 
is  formed.  Oxalic  acid  forms  in  solutions  of  thallic  salts  a  white 
pulverulent  precipitate  ;  phosphoric  acid  a  white  gelatinous  precipi- 
tate ;  and  arsenic  acid  a  yellow  gelatinous  precipitate.  Thallic 
nitrate  gives  with  potassium  ferrocyanide  a  green,  and  with  the  ferri- 
cyanide  a  yellow  precipitate. 

In  examining  a  mixed  metallic  solution,  thallium  will  be  found  in 
the  precipitate  thrown  down  by  ammonium  sulphide,  together  with 
iron,  nickel,  manganese,  etc.  From  these  metals  it  may  be  easily 
separated  by  precipitation  with  potassium  iodide  or  platinic  chloride, 
or  by  reduction  to  the  metallic  state  with  zinc. 

Thallium  salts  are  reduced  before  the  blow-pipe  with  charcoal  and 
sodium  carbonate  or  potassium  cyanide.  The  green  colour  imparted 
to  flame  by  thallium,  and  the  peculiar  character  of  its  spectrum, 
have  already  been  mentioned. 
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METALS  OF  THE  COPPER  GROUP. 
Copper — Silver. 

These  metals  do  not  decompose  steam  at  a  red  heat.  They  are  pre- 
cipitated from  their  solutions  in  the  metallic  state  by  zinc,  iron,  and 
the  more  oxidable  metals,  and  their  lower  chlorides,  like  those  of 
the  preceding  group,  are  nearly  insoluble  in  water. 

Copper,  like  mercury,  forms  two  classes  of  salts,  the  constitution  of 
which  is  best  represented  by  regarding  the  metal  in  both  series  as  a  diad. 

Cupric  salts  are  generally  more  stable  than  cuprous  compounds. 

Silver  forms  only  one  well-defined  series  of  salts,  and  these  corre- 
spond in  composition  to  cuprous  and  mercurous  compounds  with 
which  in  many  cases  they  agree  more  or  less  in  properties.  It  is 
customary  to  represent  silver  as  a  monad  metal,  but  in  the  absence 
of  positive  evidence  in  favour  of  that  view,  aud  considering  the  close 
agreement  of  silver  compounds  with  those  of  copper  and  mercury,  it 
would  be  more  rational  to  assume  a  diad  character  for  silver  also. 
The  chloride  would  then  be  formulated,  not  as  AgCl,  but  as  Ag2Cl2, 
and  the  constitution  would  probably  be  expressed  as  follows  : 

Ag.Cl  Cu.Cl  Hg.Cl 

I         corresponding  to  I       and  | 

Ag.Cl  Cu.Cl  Hg.Cl. 

COPPER. 

Symbol,  Cu  (Cuprum).   Atomic  weight,  63"3. 

Copper  was  known  to  the  ancient  Greeks  and  Romans,  and  in  the 
form  of  bronze  was  used  for  making  weapons  in  prehistoric  times, 
before  the  discovery  of  methods  of  working  iron.  The  name  Cuprum 
is  said  to  have  been  derived  from  ^s  Cyprium  or  brass  of  Cyprus, 
where  in  Roman  times  much  copper  ore  was  found. 

Copper  is  a  metal  of  great  value  in  the  arts  ;  it  sometimes  occurs 
in  the  metallic  state,  crystallised  in  octahedrons,  or  more  frequently 
in  dodecahedrons,  but  is  more  abundant  in  the  form  of  red  oxide, 
and  in  that  of  sulphide  combined  with  sulphide  of  iron,  as  yellow 
copper  ore  or  copper  pyrites.  Metallic  copper  occurs  in  large  quantity  on 
the  shores  of  Lake  Superior,  and  in  smaller  amount  mixed  with  ores 
of  the  metal  in  other  parts  of  the  world.  Large  quantities  of  copper 
ores  were  formerly  obtiiined  from  the  Cornish  mines,  and  tjiken  to 
South  Wales  for  reduction.  The  amount  of  copper  obtained  from 
British  ores  is,  however,  now  comparatively  snuill.  Large  quantities 
of  valuable  ore,  chielly  carbonate  and  red  oxide,  are  obtained  from 
Spain,  from  South  Australia,  and  Chili.  The  crude  metal  is  also 
largely  imported  and  refined  in  this  country. 


COPPER. 


42!) 


The  principle  of  the  process  of  reduction  may  be  easily  made 
intelligible.  It  depends  upon  the  fact  that,  if  a  mixture  of  oxides 
and  sulphides  of  iron  and  copper  are  submitted  to  the  action  of  beat, 


Fig.  135, 


the  iron  tends  to  become  converted  first  into  oxide,  while  the  copper 
retains  the  sulphur.  The  processes,  which  in  detail  appear  some- 
what complex,  consist  of  a  series  of  alternate  roastings  and  fusions, 
performed  in  separate  reverberatory  furnaces.  The  accompanying 
figure  represents  a  section  of  the  roasting-furnace,  the  hearth  of 
which  is  wide  imd  spacious. 
Here  a  little  sulphur  is  burnt 
off,  arsenic  is  expelled,  and  a 
portion  of  the  iron  oxidised. 
The  next  step  is  fusion  of  the 
roasted  ore,  together  with  sili- 
ceous slag,  in  a  furnace  repre- 
sented both  in  section  and  in 
plan  in  fig.  136.  The  pro- 
ducts are  mainly  a  fusible 
mixture  of  sulphides  of  copper 
and  iron,  forming  what  is 
known  as  '  coarse  metal,"  and 
a  slag  consisting  of  silicate  of 
iron,  which  is  thrown  away. 
The  coarse  metal  is  run  off 
into  water,  by  which  it  is 
granulated,  and  then  sub- 
jected to  a  second  roasting 
and  fusion,  whereby  nearly 
the  whole  of  the  iron  is 
oxidised,  and  a  comparatively 
pure  sulphide  of  copper 
called  fine  or  white  metal  is 
obtained.    The  sulphide  of 

copper  is  then  roasted  again  and  subsequently  melted,  and  in  this 
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part  of  the  operation  metallic  copper,  for  the  first  time,  separates 
out  as  a  result  of  chemical  changes  similar  to  those  which  occur 
in  the  reduction  of  lead.  A  portion  of  the  sulphide  of  copper  having 
heen  converted  into  oxide,  this  in  its  turn  reacts  upon  the  sulphide, 
and  produces  metallic  copper  and  sulphurous  oxide  : — 

2CU2O    +    CU2S    =    SO2    +  6Cu. 

The  metal  is  lastly  refined  by  melting  in  a  stream  of  air,  whereby 
the  impurities  are  oxidised  and  removed.  The  last  part  of  the  opera- 
tion consists  in  thrusting  into  the  melted  metal  a  pole  of  birchwood, 
the  object  of  which  is  to  reduce  a  little  remaining  oxide  by  the  com- 
bustible gases  thus  generated. 

Another  process,  known  as  the  Mansfeld  process,  and  especially 
adapted  for  working  the  cupriferous  schists  of  Mansfeld  in  Prussia, 
which  are  mostly  poor  in  copper,  has  long  been  practised  in  that 
locality  and  in  other  parts  of  Europe.  The  ore,  called  "  Kupfer- 
schiefer,"  is  first  roasted  in  heaps,  whereby  the  bituminous  matter 
contained  in  it  is  burned  away,  while  water  and  arsenic  are  expelled, 
together  with  part  of  the  sulphur.  The  roasted  ore  is  then  mixed 
with  5  to  8  parts  of  slag  and  fluor-spar  and  heated  in  a  blast-  or 
cupola-furnace  from  16  to  30  feet  high,  the  coarse  metal  or  "  Rohstein" 
thereby  reduced  running  into  basins  placed  to  receive  it.  This 
coarse  metal,  containing  from  20  to  60  per  cent,  of  copper,  according 
to  the  nature  of  the  ore,  is  next  roasted,  and  the  product  is  melted 
for  fine  metal  or  "  Spurstein." 

Extraction  in  the  Wet  Way. — This  mode  of  treatment  is  applied 
to  copper  ores  which  are  too  poor  in  copper  to  yield  a  profitable 
return  by  either  of  the  methods  above  described,  especially  to  the 
oxide  of  iron,  technically  called  burnt  pyrites  or  hlue  billy,  enormous 
quantities  of  which  are  obtained  as  residue  in  the  burning  of  iron 
pyrites  for  the  manufacture  of  sulphuric  acid  (p.  130).  When  this 
oxide,  which  contains  a  small  proportion  of  copper,  is  mixed  with 
coarsely  crushed  rock-salt,  and  calcined,  the  copper  is  converted  into 
soluble  cupric  chloride,  CnCl,,  and  on  lixiviating  the  calcined  mass 
with  water,  a  solution  is  obtained,  from  which  the  copper  may  be 
thrown  down  in  the  metallic  state  by  scrap  iron.  According  to 
another  process,  invented  by  Hunt  and  Douglas,  the  ores,  if  they 
consist  wholly  of  oxides  and  carbonates,  are  simply  heated,  whereas 
if  they  contain  sulphides  they  are  roasted.  In  either  case,  the  pro- 
duct is  treated  with  a  solution  of  common  salt  or  calcium  chloride 
and  ferrous  sulphate,  whereby  the  copper  oxides  arc  converted  into 
chlorides.  If  cuprous  oxide  is  pi'esent,  metallic  copper  is  at  once 
precipitated,  according  to  the  equation  3Cu20-l-2FeC1.2  =  2Cu2Cl2-f 
Fe203-FCu2.  Cupric  oxide,  on  the  other  hand,  yields  cupric  and 
cuprous  chlorides,  thus:  3CuO-l-2FeCl2  =  CuCl2  +  Cu2C]2  +  Fe203. 
The  cuprous  chloride,  thongli  insoluble  in  pure  water,  is  held  in 
solution  in  presence  of  the  other  chlorides,  and  is  decomposed  by 
iron  at  the  same  time  as  the  cupric  chloride.  In  addition  to  the 
process  of  refining  already  mentioned,  copper  is  now  to  a  consider- 
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able  extent  refined  by  a  process  of  electrolysis.  Bars  of  crude  Chili 
or  Japan  copper  are  suspended  in  a  solution  of  copper  sulphate,  and 
close  to  them  thin  sheets  of  refined  copper.  On  making  the  crude 
copper  the  anode,  while  the  pure  sheet  is  the  cathode  of  the  arrange- 
ment, the  copper  of  the  impure  mass  is  transferred  to  the  surface  of 
the  sheet,  while  the  impurities  pass  into  solution  or  fall  to  the 
bottom  of  the  vat  as  a  dark  powder  of  very  complex  composition. 

Properties  of  Copper. — Copper  has  a  well-known  yellowish-red 
colour,  a  density  8'95,  and  is  very  malleable  and  ductile :  it  is  an 
excellent  conductor  of  heat  and  electricity  ;  it  melts  at  a  bright  red 
heat  (about  1090°),  and  seems  to  be  slightly  volatile  at  a  very  high 
temperature. 

Copper  undergoes  no  change  in  dry  air :  exposed  to  a  moist 
atmosphere,  it  becomes  covered  with  a  strong  adherent  green  crust, 
consisting  in  a  great  measure  of  carbonate.  Heated  to  redness  in 
the  air,  it  is  quickly  oxidised,  becoming  covered  with  a  black  scale. 
Dilute  sulphuric  and  hydrochloric  acids  scarcely  act  upon  copper  ; 
boiling  oil  of  vitriol  attacks  it,  with  evolution  of  sulphurous  oxide  ; 
nitric  acid,  even  dilute,  dissolves  it  readily  with  evolution  of  nitric 
oxide. 

The  alloys  of  copper  are  of  great  importance.  Brass  consists  of 
copper  alloyed  with  from  28  to  34  per  cent,  of  zinc  ;  the  latter  may 
be  added  directly  to  the  melted  copper,  or  granulated  copper  may  be 
heated  with  calamine  and  charcoal-powder,  as  in  the  old  process. 
Gun-metal,  a  most  valuable  alloy,  consists  of  90  parts  copper  and  10 
tin.  Bell  and  speculum  metal  contain  a  still  larger  proportion  of  tin  ; 
these  are  brittle,  especially  the  last  named.  A  good  bronze  for  statues 
is  made  of  91  parts  copper,  2  parts  tin,  6  parts  zinc,  and  1  part  lead; 
The  brass  or  bronze  of  the  ancients  is  an  alloy  of  copjDer  with  tin, 
often  also  containing  lead,  and  sometimes  zinc. 

Copper,  in  its  most  stable  compounds,  the  cupric  compounds,  is 
bivalent,  these  compounds  containing  1  atom  of  the  metal  combined 
with  2  atoms  of  a  univalent,  or  1  atom  of  a  bivalent  negative  radicle, 
e.g.,  CuCl2,  CuO,Cu(N03)2,CuS04,  etc.  It  also  forms  another  series, 
the  cuprous  compounds,  in  which  it  may  be  regarded  as  univalent, 
e.g.,  CuC],Cu20,  etc.,  like  silver  in  the  argentic  compounds.  On  the 
other  hand,  the  cuprous  compounds  may  be  supposed  to  be  formed 
by  addition  of  copper  to  the  cupric  compounds,  the  metal  still 

CuCl 

remaining  bivalent;  thus  cuprous  chloride,  CugCla   =    I  ; 

CuCl 

Cuv 

cuprous  oxide,  CujO  =^  ^0.      These    compounds    are  fairly 

stable,  but  are  easily  converted  into  cupric  compounds  by  the  action 
of  oxidising  agents. 

Cuprous  Hydride,  Cu.,H2.— When  a  solution  of  cupric  sulphate 
is  heated  to  about  70°,  with  hypophosphorous  acid,  this  compound  is 
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deposited  as  a  yellow  precipitate,  which  soon  turns  red-brown.  It 
gives  off  hydrogen  when  heated,  takes  tire  in  chlorine  gas,  and  is 
converted  by  hydrochloric  acid  into  cuprous  chloride,  with  evolution 
of  a  double  quantity  of  hydrogen,  the  acid  giving  up  its  hydrogen  as 
well  as  the  copper  hydrate  : 

CU2H2  +  2HC1  =  CU2CI2  +  2H2. 

This  reaction  is  usually  regarded  as  affording  an  instance  of  the 
union  of  two  atoms  of  the  same  element  to  form  a  molecule. 

Copper  Oxides. — Two  oxides  of  copper  are  known,  correspond- 
ing with  the  chlorides ;  also  a  tetrantoxide  or  quadrantoxide,  Gwfi  ; 
and  a  very  unstable  dioxide  or  peroxide,  CuOg,  which  is  said  to  be 
formed,  as  a  yellowish-brown  powder,  by  the  action  of  hydrogen 
dioxide  on  cupric  hydroxide. 

Copper  Monoxide,  Cupric  Oxide,  or  Blaelc  Oxide  of  Copper,  CuO, 
is  prepared  by  calcining  metallic  copper  at  a  red  heat,  with  full 
exposure  to  air,  or,  by  heating  the  nitrate  to  redness,  which 
then  suffers  complete  decomposition.  Cupric  salts,  mixed  with 
caustic  alkali  in  excess,  yield  a  bulky  pale-blue  precipitate  of 
hydrated  cupric  oxide,  or  cupric  hydroxide,  CuHoOg  or  CuO,H20, 
which,  when  the  whole  is  raised  to  the  boiling-point,  becomes  con- 
verted into  a  heavy  black  powder  :  this  also  is  anhydrous  oxide 
of  copper,  the  hydroxide  suffering  decomposition,  even  in  contact 
with  water.  The  oxide  prepared  at  a  high  temperature  is  perfectly 
black  and  very  dense.  Cupric  oxide  is  soluble  in  acids,  and  forms  a 
series  of  very  important  salts,  isomorphous  with  the  salts  of  mag- 
nesium. 

Cuprous  Oxide,  CugO,  also  called  Red  Oxide,  and  Suboxide  of 
Copper. — This  oxide  may  be  obtained  by  heating  in  a  covered  crucible 
a  mixture  of  5  parts  of  black  oxide  and  4  parts  of  fine  copper  filings  ; 
or  by  adding  glucose  to  a  solution  of  cupric  sulphate,  and  then 
putting  in  an  excess  of  caustic  potash  ;  the  blue  solution,  heated  to 
laoiling,  is  reduced  by  the  sugar,  and  deposits  cuprous  oxide.  This 
oxide  often  occurs  native  in  beautiful  transparent  ruby-red  crystals, 
associated  with  other  ores  of  copper,  and  can  be  obtained  in  the  same 
state  by  artificial  means.  It  communicates  to  glass  a  magnificent 
red  tint,  while  that  given  by  cupric  oxide  is  gi'een. 

Cuprous  oxide  dissolves  in  excess  of  hydrochloric  acid,  forming  a 
solution  of  cuprous  chloride,  from  M'hich  that  compound  is  pre- 
cipitated on  dilution  with  water.  Most  oxygen-acids,  nanielj',  sul- 
phuric, phosphoric,  acetic,  oxalic,  tartaric,  and  citric  acids,  decompose 
cuprous  oxide,  forming  cupric  salts,  and  separating  metallic  copper  ; 
nitric  acid  converts  it  into  cupric  nitrate.  Hence  there  are  but  few 
cuprous  oxygen  salts,  none  indeed  excepting  the  sulphites,  and 
certain  double  sulphites  formed  by  mixing  a  cupric  solution  with 
the  sulphite  of  an  alkali  metal,  e.g.,  ammonium-cuijrous  sulphite, 
Cu(NH4)S03  or  Cu2(NHj2(S03)2. 

Experiments. — 1.  Place  some  scraps  of  cojDper  foil  or  wire  in  a 
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luuftle  heated  to  redness,  and  leave  with  free  exposure  to  air  for 
an  hour.  The  metal  is  converted  into  black  crystalline  oxide. 
Reserve  this  for  use. 

2.  Half  fill  a  beaker  with  solution  of  copper  sulphate,  add  solution 
of  potash  till  the  liquid  is  strongly  alkaline.  A  blue  precipitate, 
Cu(H0)2,  is  found.  Boil  the  whole  for  a  few  minutes  ;  the  blue 
hydroxide  is  converted  into  black  oxide. 

3.  Dissolve  in  100  c.c.  of  water  5  or  6  grams  of  copper  sulphate- 
and  an  equal  quantity  of  glucose  or  milk-sugar.  Add  solution  of 
potash  till  the  liquid  is  strongly  alkaline,  clear  and  dark-blue. 
Then  apply  heat.  In  a  few  minutes  the  clear  blue  solution 
deposits  a  precipitate  at,  first  yellow,  probably  Cu2(H0)„  then  red, 

Copper  Tetrantoxide,  Cu^O,  is  formed,  according  to  H.  Rose,  by 
the  action  of  a  dilute  solution  of  stannous  chloride  and  caustic  potash 
on  a  solution  of  copper  sulphate,  the  whole  being  well  cooled.  Cupric 
hydroxide  is  then  first  formed  and  afterwards  reduced  by  the  stannous 
chloride,  with  formation  of  potassium  stannate  : 

4Cu(OH)2 + 12K0H  +  SSnClg = Cu^O  4-  6KC1  +  3K2Sn03  +  lOHgO . 

This  oxide  is  an  olive-green  powder  which  may  be  kept  unchanged 
under  water,  if  air  be  excluded,  but  oxidises  quickly  on  exposure  to 
air.  It  is  decomposed  by  dilute  hydrochloric  acid,  according  to  the 
equation  Cu40-h2HCl=Cu2Cl2-f-2Cu-|-H20,  and  in  like  manner  by 
sulphuric  acid. 

Copper  Chlorides. — Cupric  Cliloride,  CuClj,  is  most  easily  pre- 
pared by  dissolving  cupric  oxide  in  hydrochloric  acid,  and  concen- 
trating the  green  solution  thence  resulting.  It  forms  pale  blue 
crystals,  CUCI22H2O,  very  soluble  in  water  and  in  alcohol :  it  colours 
the  flame  of  the  latter  green.  When  gently  heated,  it  parts  with  its 
water  of  crystallisation  and  becomes  yellowish-brown  ;  at  a  high 
temperature  it  loses  half  its  chlorine,  and  becomes  converted  into 
cuprous  chloride.  The  latter  is  a  white  fusible  substance,  but  little 
soluble  in  water,  and  prone  to  oxidation  :  it  is  formed  when  copper 
filings  or  copper-leaf  are  put  into  chlorine  gas  :  also  by  precipitat- 
ing a  solution  of  cupric  chloride  or  other  cupric  salt,  with  stannous 
chloride  : 

2CuC]2  +  SnClg  =  CU2CI2  +  SnCl^. 

A  plate  of  copper  immersed  in  hydrochloric  acid  in  a  vessel 
containing  air,  becomes  covered  with  white  tetrahedrons  of  cuprous 
chloride.  This  compound  dissolves  in  hydrochloric  acid,  forming 
a  colourless  solution,  which  gradually  turns  blue  on  exposure  to 
the  air. 

A  hydrated  cupric  oxychloride,  CuClstSCuHjOg,  occurs  native  as 
atcKcimite. 

Both  the  chlorides  of  copper  form  double-salts  with  the  chlorides 
of  the  alkali-metals. 
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Experiments. — 1.  Cupric  Chloride. — Boil  in  a  covered  beaker,  about 
10  grams  of  black  oxide  of  copper  in  20  c.c.  of  strong  hydro- 
chloric acid,  mixed  with  twice  its  bulk  of  water  till  the  oxide  is 
dissolved,  and  leave  the  solution  to  crystallise.  Drain  the  crystals 
thoroughly.  Dry  a  portion  in  a  dish  placed  in  the  oven.  Then 
redissolve  in  water,  and  notice  the  curious  changes  of  colour. 

2.  CiLprous  Chloride. — Boil  the  remainder  of  the  crystals  with 
scraps  of  copper  foil  and  some  hydrochloric  acid  in  a  flask  till  the 
liquid  becomes  dark-olive  coloured,  then  pour  the  solution  into  cold 
water.  A  white  precipitate  of  CuqClg  is  formed,  the  solution  bein^' 
almost  colourless.  Place  a  portion  of  the  liquid  with  the  precipitate 
in  a  test-tube,  add  a  few  drops  of  nitric  acid  and  boil ;  the  white 
precipitate  redissolves,  giving  a  blue  solution  of  cupric  chloride. 

Cupric  Oxysalts. — The  Sulphate,  CuSO^,5H20,  commonly  caUed 
blue  vitriol,  is  prepared  by  dissolving  cupric  oxide  in  sulphuric  acid, 
or  by  roasting  copper  pyrites.  It  is  now  manufactured  by  passing 
sulphur  dio.vide,  air,  and  steam  through  a  tower  filled  with  granulated 
metallic  copper.  Some  considerable  amount  is  aho  obtained  in  the 
operation  of  'parting'  gold  from  silver  and  copper  by  means  of  hot 
sulphuric  acid  (see  Gold).  It  forms  large  blue  triclinic  prisms,  soluble 
in  four  parts  of  cold  and  two  parts  of  boiling  water ;  when  heated 
to  100°  it  readily  loses  four  molecules  of  crystallisation-water,  but 
the  fifth  is  retained  with  great  pertinacity,  and  is  expelled  only  at  Ji 
low  red  heat.  At  a  very  high  temperature,  cupric  sulphate  is  entirely 
converted  into  cupric  oxide,  with  evolution  of  sulphurous  oxide  and 
oxygen.  Cupric  sulphate  combines  with  the  sulphates  of  potassium 
and  of  ammonium,  forming  pale-blue  salts,  CuK2(S04)2,6H20  and 
Cu(NH4)2(S04)2,6H20,  isomorphous  with  the  corresponding  mag- 
nesium salts. 

Cupric  Nitrate,  Cu(N03),3H20,  is  easily  made  by  dissolving  the 
metal  in  nitric  acid  :  it  forms  deep  blue  crystals,  very  soluble  and 
deliquescent.  It  is  highly  corrosive.  There  is  also  an  insoluble 
basic  nitrate  having  a  green  colour. 

Cupric  Arsenite  or  Sclieele's  Green,  CuHAsOj,  is  a  bright-green  insol- 
uble powder,  prepared  by  mixing  the  solution  of  a  cupric  salt  with 
au  alkaline  arsenite. 

Cupric  Carbonates. — When  sodium  carbonate  is  added  in  excess  to 
a  solution  of  cupric  sulphate,  the  precipitate  is  at  first  pale-blue  and 
flocculeut,  but  by  warming  it  becomes  sandy,  and  assumes  a  green 
tint ;  in  this  state  it  contains  CuC03,CuH20._,-4-  HgO.  This  substance 
is  prepared  as  a  pigment.  The  beautiful  mineral  malachite  has  a 
simihir  composition,  but  contains  no  water  of  cryst^illisation,  it.« 
composition  being  CuCOaiCiiHjOg.  Another  natural  compound, 
called  azurite,  not  yet  artificially  imitated,  occurs  in  large  trans- 
parent crystals  of  the  deepest  blue  :  it  contains  2CuC03,CuH202. 
Verditer,  made  by  decomposing  cupric  nitrate  with  chalk,  is  said, 
however,  to  have  a  somewhat  similar  composition. 

Experiments. — 1.  Boil  10  grams  of  copper  scraps  in  20-25  cc,  of 
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strong  sulphuric  acid  contained  in  a  small  flask  till  the  acid  is  eva- 
porated almost  to  dryness.  Sulphur  dioxide  is  evolved,  the  copper 
being  gradually  converted  into  a  black  mass  (containing  sulphide), 
whicn,  if  heated  long  enough  with  the  acid,  becomes  nearly  white 
(CUSO4).  Dissolve  the  mass  in  water,  by  aid  of  heat  il"  necessary, 
hlter  the  blue  solution  and  set  by  to  crystallise. 

2.  Add  to  the  oxide  of  copper  made  in  a  former  experiment 
(p.  432)  an  equal  weight  of  sulphuric  acid  and  three  or  four  times 
as  much  water.  Boil  till  the  oxide  is  dissolved  and  set  aside  to 
crystallise. 

3.  To  the  solution  of  copper  sulphate,  made  by  either  of  the  fore- 
going experiments,  add  excess  of  solution  of  ammonia,  sodium  car- 
bonate, sodium  phosphate,  and  sodium  arsenite,  using  a  fresh  portion 
in  a  separate  test-tube  for  each  experiment. 

Copper  Sulphides.—  There  are  two  well-defined  copper  sulphides, 
analogous  in  composition  to  cupric  and  cuprous  oxides,  and  four 
others,  containing  larger  proportions  of  sulphur,  but  of  less  defined 
constitution  ;  these  latter  are  precipitated  from  solutions  of  cupric 
salts  by  potassium  pentasulphide. 

Cupric  Sulphide,  CuS,  occurs  native  as  Indigo-copper  or  Covellite, 
in  soft  bluish-black  hexagonal  plates  and  spheroidal  masses,  and  is 
produced  artificially  by  precipitating  cupric  salts  with  hydrogen 
sulphide. 

Cuprous  Sulphide,  CugS,  occurs  native  as  Copper-glance  or  Eed- 
ruthite,  in  lead-grey  hexagonal  prisms,  belonging  to  the  rhombic 
system  ;  it  is  produced  artificially  by  the  combustion  of  copper-foil 
in  sulphur  vapour,  by  igniting  cupric  oxide  with  sulphur,  and  by 
other  methods.  It  is  a  powerful  sulphur-base,  uniting  with  the 
sulphides  of  antimony,  arsenic,  and  bismuth,  to  form  several  natural 
minerals.  The  several  varieties  of  fahl-ore,  or  tetrahedrite,  consist 
of  cuprous  thioantimonite  or  thioarsenite,  in  Avhich  the  copper  is 
more  or  less  replaced  by  equivalent  quantities  of  iron,  zinc,  silver, 
and  mercury.  The  important  ore,  called  Copper-pyritea,  is  a  cuproso- 
ferric  sulphide,  Cu'Fe"'S2  or  Cu.^SjFcgSg,  occurring  in  tetrahedral 
crystals  of  the  quadratic  system,  or  in  irregular  masses.  Another 
species  of  copper  and  iron  sulphide,  containing  various  proportions 
of  the  two  metals,  occurs  native,  as  P urple-copijer  or  Erubescite,  in 
cubes,  octahedrons,  and  other  mouometric  forms. 

Animoiiiacal  Copper-Compouiids. — The  chlorides,  the  sulphate, 
the  nitrate,  and  other  salts  of  copper,  unite  with  one  or  more  mole- 
cules of  ammonia,  forming,  for  the  most  part,  crystalline  compounds 
of  blue  or  green  colour,  some  of  which  may  be  regarded  as  salts 
of  metallamraoniums  (p.  378).  Thus  cupric  chloride  forms  with  ani- 
monin,  the  compounds,  2NH3.CUCI2,  4NH3.CUCI2,  and  GNHg.CuCl,^, 
the  first  of  which  may  be  I'onnulated  as  ciipro-diammonium  chloride, 
(N2lInGu")Cl2.  Cupric  sulphate  forms,  in  like  manner,  cupro-diam- 
monium  sulphate,  (N2TI(jCu")S04,  which  is  a  deep-blue  crystal- 
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line  salt.    Cuprous  iodide  forms  with  ammonia  the  compouud, 

4NH3,CU2l2. 

Reactions  of  Copper  Salts. — Caustic  potash  gives  with  cupric  salts  a 
pale-blue  precipitate  of  cupric  hydroxide,  changing  to  a  black 
anhydrous  oxide  on  boiling. — Ammonia  also  throws  down  a  pale-blue 
precipitate,  probably  consisting  of  a  basic  salt ;  but,  when  in  excess, 
redissolves  it,  yielding  a  deep  purplish-blue  solution. — Potassium  and 
sodium  carbonates  give  pale-blue  precipitates  of  cupric  carbonate, 
insoluble  in  excess. — Ammonium  carbonate  the  same,  but  soluble 
with  deep-blue  colour. — Potassium  ferrocya^iide  gives  a  fine  red- 
brown  precipitate  of  cupric  ferrocyanide. — Hydrogen  sulphide  and 
ammonium  sulphide  afford  black  cnpric  sulphide,  insoluble  in  ammo- 
nium sulphide.  Metallic  iron  or  zinc  immersed  in  a  solution  of  a 
copper  salt  quickly  becomes  coated  with  metallic  copper. 

Copper  and  its  compounds  impart  a  green  colour  to  flame.  Any 
compound  of  copper  fused  with  borax  in  the  oxidising  blow-pipe 
flame  forms  a  transparent  glass,  which  is  green  while  hot,  but 
assumes  a  fine  blue  colour  on  cooling.  In  the  reducing  flame  the 
glass  becomes  opaque,  and  covered  on  the  surface  with  reddish 
streaks  of  cuprous  oxide  or  metallic  copper.  This  last  reaction  is 
facilitated  by  fusing  in  the  bead  a  small  piece  of  metallic  tin. 
Copper-comjjounds,  mixed  with  sodium  carbonate  or  potassium 
cyanide  and  heated  on  charcoal  before  the  blow-pipe,  yield  metallic 
copper. 


SILVER. 

Symbol,  Ag  (Argentum).    Atomic  weight,  108. 

Silver  has  been  known  from  the  earliest  times.  The  alchemists 
called  it  luna,  the  moon,  and  it  was  ranked  with  gold  as  a  "  noble  " 
metal. 

Silver  is  found  in  the  metallic  state,  as  sulphide,  in  union  with 
sulphide  of  antimony  and  sulphide  of  arsenic,  also  as  chloride, 
iodide,  and  bromide.  Among  the  principal  silver  mines  may  be 
mentioned  those  of  the  Hartz  mountains  in  Germany,  of  Kongsberg 
in  Norway,  and,  more  particularly,  of  the  Andes,  in  both  North  an^ 
South  America. 

The  greater  part  of  the  silver  of  commerce  is  extracted  from  ores 
fio  poor  as  to  render  any  process  of  smelting  or  fusion  inapplicable, 
even  where  fuel  could  be  obtained,  and  this  is  often  difficult  to  be 
procured.  Recourse,  therefore,  is  had  to  another  method — that  of 
amalgamation — founded  on  the  easy  solubility  of  silver  and  many 
other  metals  in  metallic  mercury. 

In  Mexico  the  ore  containing  small  quantities  of  sulphide  and 
chloride  of  silver  is  stamped  or  ground,  together  with  water,  in  mills 
worked  by  horses  or  mules ;  and  the  fine  mud  thus  produced  is 


SILVER. 


mixed  on  a  floor  with  3  to  5  per  cent,  of  common  salt,  which  is 
thoroughly  incorporated  with  the  mass  by  the  treading  of  mules. 
The  mass  is  then  left  to  itself  for  a  day,  after  which  mercury  is 
added,  together  with  an  impure  mixture  of  cupric  and  ferric  salts 
called  "magistral";  then  more  mercury;  and  the  heap  is  again 
trodden  by  mnles  till  thoroughly  incorporated.  The  amalgamation 
being  completed,  the  slimy  mass  is  washed  in  buddies  worked  by 
mules,  whereby  the  lighter  particles  are  washed  away,  and  the 
heavier  amalgam  is  deposited.  The  amalgam  is  next  filtered  through 
canvas  bags  and  finally  distilled,  and  the  silver  which  is  left  behind 
is  melted  into  bars. 

The  reactions  which  take  place  in  this  amalgamation  process  are 
probably  as  follows.  The  sulphates  of  copper  and  iron  (in  the 
magistral)  are  converted  by  the  chloride  of  sodium  into  the  corre- 
sponding chlorides,  which  then  react  with  the  silver  sulphide,  form- 
ing silver  chloride  : 

2CuCl2  +  AggS  =  CU2CI2  +  2AgCl  -1-  S, 

the  cuprous  chloride  thus  produced  acting  further  on  the  silver 
sulphide  and  forming  more  silver  chloride  : 

CU2CI2  +  Ag^S  =  CugS  +  2AgCl. 

The  resulting  silver  chloride  is  held  in  solution  by  the  sodium 
chloride,  and  on  addition  of  metallic  mercury,  is  decomposed,  yield- 
ing calomel  and  metallic  silver.  All  the  mercury  thus  converted 
into  calomel,  amounting  to  about  twice  the  weight  of  the  silver 
obtained,  is  lost. 

In  Nevada,  where  the  ores  are  of  various  degrees  of  richness,  the 
richer  ones  are  usually  roasted  with  common  salt,  whereby  the  silver 
sulphide  is  converted  into  chloride  ;  the  roasted  and  pulverised  mass 
is  then  introduced,  together  with  water,  scrap-iron,  and  mercury, 
into  barrels  rotating  on  a  horizontal  axis ;  and  the  metallic  silver 
thereby  set  free  is  dissolved  out  by  mercury.  This  barrel-process 
was  first  worked  at  Schemnitz  in  Hungary,  and  afterwards  at  Frei- 
berg and  Mansfeld,  but  is  now  no  longer  practised  in  Europe. 

A  considerable  quantity  of  silver  is  obtained  from  argentiferous 
galena  ;  in  fact,  almost  every  specimen  of  native  lead  sulphide  is 
found  to  contain  traces  of  this  metal.  When  the  proportion  rises  to 
a  certain  amount,  it  becomes  worth  extracting.  This  is  usually 
accomplished  by  first  concentrating  the  silver  into  a  portion  of  the 
lead  by  a  process  of  fractional  crystallisation,  introduced  by  Mr  John 
Pattinson.  The  rich  lead  is  then  subjected  to  cupellation.  The  ore 
is  reduced  in  the  usual  manner,  the  whole  of  the  silver  remaining 
with  the  lead  :  the  latter  is  then  remelted  in  a  large  iron  pot,  and 
allowed  to  cool  slowly  until  solidification  coumienccs.  The  portion 
which  first  crystallises  is  nearly  pure  lead,  the  alloy  with  silver  being 
more  fuaible  tkan  lead  itself:  this  is  drained  away  by  means  of  a 
perforated  ladle,  and  is  found  to  contain  nearly  the  whole  of  the 
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silver.  The  process  of  cui^ellation  consists  in  exposing  tliis  rich 
mass  to  a  red  heat  on  the  shallow  hearth,  C,  of  a  furnace  (fig.  137}, 
while  a  stream  of  air  is  allowed  to  impinge  upon  its  surface  from  the 
blow-pipe  N  ;  oxidation  then  takes  place  with  great  rapidity,  the 
fused  oxide  or  litharge  being  constantly  swept  from  the  metal  by  the 
blast,  and  running  off  througli  a  channel  in  the  side  of  the  furnace 
into  a  pot  placed  outside.  Ultimately  the  silver,  almost  chemically 
pure,  and  exhibiting  a  bi'illiant  surface,  remains  behind.    la  the 

Fig.  137. 


figure,  G  represents  the  fire-grate,  and  P  a  small  iron  pot  with  a 
separate  fire,  in  which  the  argentiferous  lead  is  usually  melted  before 
being  introduced  into  the  cupel. 

Extraction  of  Silver  in  the  Wet  Way. — Silver  may  be  extracted 
from  argentiferous  copper  pyrites  :  (1)  By  roasting  the  ore,  whereby 
the  sulphides  of  copper  and  iron  are  converted  into  insoluble  oxides, 
while  tlie  silver  is  obtained  as  soluble  sulphate,  from  the  solution  of 
which,  obtained  by  lixiviating  the  roasted  ore  M'ith  hot  water,  the 
silver  is  easily  preci^jitated  in  the  metallic  state.  (2)  I3y  roasting 
the  ore  with  sodium  chloride,  to  convert  the  silver  into  chloride, 
dissolving  out  this  compound  with  sodium  thiosulphate  ;  precipi- 
tating the  silver  from  the  resulting  solution  as  sulphide  by  means  of 


SILVKU. 


439 


sodium  sulphide  ;  and  strongly  heating  the  precipitated  sulphide  in 
a  luutiie  furnace,  whereby  the  sulphur  is  burnt  away,  and  the  silver 
is  left.  (3)  By  Claudet's  process,  which  is  applied  to  the  extraction 
of  the  small  quantity  of  silver  contained  in  the  burnt  pyrites  of  the 
sulphuric  acid  works.  The  cupreous  tank-liquors  obtained  in  this 
process  contain  the  silver  as  chloride,  held  in  solution  by  sodium 
chloride  ;  and  from  this  solution  the  silver  may  be  thrown  down, 
in  the  form  of  iodide,  by  adding  a  solution  of  an  iodide,  usually 
iodide  of  zinc  ;  a  very  small  quantity  of  gold  is  precipitated  at  the 
same  time. 

Purification. — Pure  silver  is  easily  obtained.  The  impure  metal  is 
dissolved  in  nitric  acid  :  if  it  contains  copper,  the  solution  will  have 
a  blue  tint ;  gold  will  remain  undissolved  as  a  black  powder.  The 
solution  is  mixed  with  hydrochloric  acid  or  with  common  salt,  and 
the  white,  insoluble,  curdy  precipitate  of  silver  chloride  is  washed  and 
dried.  This  is  then  mixed  with  about  twice  its  weight  of  anhydrous 
sodium  carbonate,  and  the  mixture,  placed  in  an  earthen  crucible, 
is  gradually  raised  to  a  temperature  approaching  whiteness,  during 
which  the  sodium  carbonate  and  the  silver  chloride  react  upon  each 
other ;  carbon  dioxide  and  oxygen  escape,  while  metallic  silver  and 
sodium  chloride  result :  the  former  melts  into  a  button  at  the 
bottom  of  the  crucible,  and  is  easily  detached.  The  following  is 
perhaps  the  most  simple  method  for  the  reduction  of  silver  chloride. 
The  silver-salt  is  covered  with  water,  to  which  a  few  drops  of  sul- 
phuric acid  are  added  ;  a  plate  of  zinc  is  then  introduced  ;  the  silver 
chloride  soon  begins  to  decompose,  and  after  a  short  time  is  entirely 
converted  into  metallic  silver.  The  silver  thus  obtained  is  grey  and 
spongy  ;  it  is  ultimately  purified  by  washing  with  slightly  acidulated 
water. 

Properties. — Pure  silver  has  a  perfect  white  colour  and  a  strong 
lustre  :  it  is  exceedingly  malleable  and  ductile,  and  is  probably  the 
best  conductor  both  of  heat  and  electricity  known.  Its  density  is 
10'5.  In  hardness  it  lies  between  gold  and  copper.  It  melts  at  a 
bright  red  heat.  Silver  is  unalterable  by  air  and  moisture :  it  refuses 
to  oxidise  at  any  temperature,  but  possesses  the  remarkable  faculty 
already  noticed  of  absorbing  many  times  its  volume  of  oxygen  when 
strongly  heated  in  an  atmosphere  of  that  gas,  or  in  common  air.  The 
oxygen  is  again  disengaged  at  the  moment  of  solidification,  and  gives 
rise  to  the  peculiar  arborescent  appearance  often  remarked  on  the 
surface  of  masses  or  buttons  of  pure  silver.  The  addition  of  2  per 
cent,  of  copper  is  sufficient  to  prevent  the  absorption  of  oxygen. 
Silver  oxidises  when  heated  with  fusible  siliceous  matter,  as  glass, 
which  it  stains  yellow  or  orange,  from  the  formation  of  a  silicate.  It 
is  but  slightly  attacked  by  hydrochloric  acid  ;  boiling  oil  of  vitriol 
converts  it  into  sulphate,  with  evolution  of  sulphurous  oxide  ;  nitric 
acid,  even  dilute  and  in  the  cold,  dissolves  it  readily.  The  tarnishing 
of  surfaces  of  silver  exposed  to  the  air  is  due  to  hydrogen  sulphide, 
the  metal  having  a  strong  attraction  for  sulphur. 

The  economical  uses  of  silver  are  many  ;  it  is  admirably  adapted 
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for  culinary  and  other  similar  purposes,  not  being  attacked  in  the 
slightest  degree  by  any  of  the  substances  used  for  food.  It  is  neces- 
sary, however,  to  diminish  the  softness  of  the  metal  by  a  small 
addition  of  copper.  The  standard  silver  of  England  contains  7'5  per 
cent,  of  copper. 

Experiments. — Place  in  a  muffle  heated  to  bright  redness  three 
small  Ijone-ash  cupels.  Into  one  drop  a  small  piece  of  pure  silver 
(about  "5  gram),  into  the  second  the  same  quantity  of  silver  with 
about  3  grams  of  lead,  and  into  the  third  a  similar  quantity  of  silver, 
cut  from  a  small  silver  coin,  together  with  3  grams  of  lead.  Continue 
heating  till  the  melted  globules  are  seen  to  be  equally  bright,  then 
let  them  cool.  The  first  contains  a  bead  of  silver  practically  undi- 
minished ;  in  the  second  also  the  silver  remains,  whilst  the  lead  has 
been  wholly  converted  into  oxide,  which  has  been  soaked  up  by  the 
cupel,  forming  a  yellow  stain  ;  in  the  third  there  will  be  a  bead  of 
silver  surrounded  by  a  black  stain  formed  by  the  mixed  oxides  of 
lead  and  copper.  If  the  silver  in  eacli  case  has  been  accurately 
weighed,  and  the  resulting  buttons  also  weighed,  knowledge  is 
obtained  of  the  amount  of  silver  in  the  coin.  This  is  the  dry 
method  of  sUver  "  assay,"  and  may  be  applied  to  argentiferous  ores 
and  metals. 

Allotropic  Silver. — When  silver  nitrate  is  mixed  with  tartaric 
acid  and  sufficient  ammonia  to  neutralise  the  solution,  a  wliite  pre- 
cipitate of  silver  tartrate  is  formed,  which  on  application  of  heat  is 
reduced,  the  silver  being  deposited  as  a  grey  precipitate  while  a 
portion  adheres  to  the  surface  of  the  containing  vessel  and  produces  a 
shining  white  metallic  mirror.  If  for  the  tartrate  is  substituted 
a  mixture  of  ferrous  sulphate  and  sodium  citrate,  a  ruby-red  solution 
results,  from  which  silver  is  deposited  as  a  dark-coloured  precipitate, 
which  on  drying  exhibits  the  colour  of  gold.  Several  other  varieties 
are  obtainable,  exhibiting  bluish-green  or  red  colours  by  var^nng  the 
reducing  agent  and  the  strength  of  the  solutions.  These  coloured 
powders  are  converted  into  common  grey  silver  by  friction  and  by 
the  action  of  various  acids. 

Silver  Chlorides. — Two  of  these  compounds  are  knoAvn,  contain- 
ing respectively  1  and  2  atoms  of  silver  to  1  atom  of  chlorine  ;  the 
second,  however,  is  a  very  unstable  compound. 

The  Monochloride  or  Argentic  Chloride,  AgCl,  or  rather 
Ag2d2)  that  is,  Cl.Ag.Ag.Cl,  is  invariably  produced  when  a  soluble 
silver  salt  and  a  soluble  chloride  are  mixed.  It  falls  as  a  wliite  curdy 
precipitate,  quite  insoluble  in  water  and  nitric  acid  ;  one  part  of 
silver  chloride  is  soluble  in  200  parts  of  hydrochloric  acid  when 
concentrated,  and  in  about  600  parts  when  diluted  with  double  its 
weight  of  watin-.  When  heated  it  melts,  and  on  cooling  becomes  a 
greyish  crystalline  mass,  which  cuts  like  horn  :  it  is  found  native  in 
this  conditiim,  constituting  the  mineral  called  horn  silver.  Silver 
chloride  is  decomposed  by  light,  both  in  the  dry  and  in  the  we4 
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state,  vei'y  slowly  if  pure,  and  quickly  if  organic  matter  is  present : 
it  is  reduced  also  when  put  into  water  with  metallic  zinc  or  iron. 
It  dissolves  very  easily  in  ammonia  and  in  a  solution  of  potassium 
cyanide.  In  analysis  the  proportion  of  chlorine  or  hydrochloric 
acid  in  a  compound  is  always  estimated  by  precipitation  with  silver 
solution.  The  liquid  is  acidulated  with  nitric  acid,  and  an  excess  of 
silver  nitrate  added  ;  the  chloride  is  collected  on  a  filter,  or  better 
by  subsidence,  then  washed,  dried,  and  fused  ;  100  parts  correspond 
to  24'7  of  chlorine,  or  25'43  of  hydrochloric  acid. 

A  rg  entous  Chloride,  Ag4Cl2  =  Ci.  Ag.  Ag.  Ag.  Ag.Cl,  is  obtained 
by  treating  the  corresponding  oxide  with  hydrochloric  acid,  or  by 
precipitating  an  argentous  salt — the  citrate,  for  example — with  com- 
mon salt.  It  is  easily  resolved  by  heat  or  by  ammonia  into  argentic 
chloride  and  metallic  silver. 

Silver  Bromide,  AgBr,  or  AgjBrg,  occurs  native  in  Chili  and 
Mexico  as  bromargyrite,  usually  in  small  yellow  or  greenish  masses ; 
also  mixed  with  the  chloride  as  embolite.  It  is  obtained,  on  adding 
hydrobromic  acid  or  a  bromide  of  alkali-metal  to  a  solution  of  silver 
nitrate,  as  a  white  curdy  precipitate  insoluble  in  nitric  acid,  nearly 
insoluble  in  dilute  ammonia — whereby  it  is  distinguished  from  the 
chloride — but  easily  soluble  in  concentrated  ammonia.  When 
suspended  in  water  it  is  easily  decomposed  by  chlorine ;  hydro- 
chloric acid  gas  also  decomposes  it  at  700°,  with  evolution  of  hydro- 
bromic acid.  The  fused  bromide  is  scarcely  acted  on  by  light,  but 
the  precipitated  bromide  when  exposed  to  light  quickly  assumes  a 
greyish-white  colour. 

Silver  Fluoride,  AgF,  or  Ag2F2,  is  produced  by  dissolving  argentic 
oxide  or  carbonate  in  aqueous  hydrofluoric  acid,  and  separates  on 
evaporation  in  transparent  quadratic  octahedrons,  which  contain 
AgF,H20,  or  Ag2F2,2H20,  and  give  off  their  water  when  fused. 
Their  solution  gives,  with  hydrochloric  acid,  a  precipitate  of  argentic 
chloride. 

Silver  Iodide,  A"I,  or  Ag2l2,  is  a  pale  yellow  insoluble  precipi- 
tate, produced  by  adding  silver  nitrate  to  potassium  iodide  :  it  is 
insoluble,  or  nearly  so,  in  ammonia,  and  in  this  resjDect  forms  an 
exception  to  silver-salts  in  general.  Deviile  obtained  a  crystalline 
silver  iodide  by  the  action  of  concentrated  hydriodic  acid  upon 
metallic  silver,  which  it  dissolves  Avith  disengagement  of  hydrogen. 
Hydriodic  acid  converts  silver  chloride  into  iodide. 

Silver  Oxides.  —There  are  three  oxides  of  silver,  only  one  of 
which,  however,  can  be  regarded  as  a  well-delined  compound, 
namely  : — 


The  Monoxide  or  Argentic  Oxide,  Acr^O=  \   \0.— This 


oxide  is  strong' 


;ly  basic,  yielding  salts  isomorphous  with  those  of  the 
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alkali-metals.  It  is  obtained  as  a  pale-brown  precipitate  on  adding 
caustic  potash  to  a  solution  of  silver  nitrate  : 

2AgN03  -f  KHO  =  AggO  +  KNO3  +  HNO3. 

It  is  very  soluble  in  ammonia,  and  is  dissolved  also  to  a  small 
extent  by  pure  water  ;  the  solution  is  alkaline.  Eecently  precipi- 
tated silver  chloride,  boiled  with  a  concentrated  solution  of  caustic 
potash,  is  converted,  according  to  Gregory,  although  with  diflSculty, 
into  argentic  oxide,  which  in  tliis  case  is  black  and  very  dense. 
Argentic  oxide  neutralises  acids  completely,  and  forms,  for  the  most 
part,  colourless  salts.  It  is  decomposed  by  a  red  heat,  with  evolution 
of  oxygen,  spongy  metallic  silver  being  left ;  the  sun's  rays  also  effect 
its  decomposition  to  a  small  extent. 

Ag— Agv 

Arg  entous  Oxide,  Agfi=  |  /0(')- — When  dry  argentic 

Ag— Ag/ 

citrate  is  heated  to  100°  in  a  stream  of  hydrogen  gas,  it  loses  oxygen 
and  becomes  dark-brown.  The  product,  dissolved  in  water,  gives  a 
dark-coloured  solution  containing  free  citric  acid  and  argentous 
citrate,  which,  when  mixed  with  potash,  yields  a  precipitate  of 
argentous  oxide.  This  oxide  is  a  black  powder,  very  easily  decom- 
posed, and  soluble  in  ammonia.  The  solution  of  argentous  citrate  is 
rendered  colourless  by  heat  being  resolved  into  argentic  citrate  and 
metallic  silver. 

Ag-0 

Silver  Dioxide,  AgjOg  =  |       |  ,  is  a  black  crystalline  substance 

Ag-0 

which  forms  upon  the  anode  during  the  electrolysis  of  a  solution  of 
silver  nitrate.  It  is  reduced  by  heat ;  evolves  chlorine  when  acted 
upon  by  hydrochloric  acid  ;  explodes  when  mixed  with  phosphorus 
and  struck  ;  and  decomposes  solution  of  ammonia,  with  great  energy 
and  rapid  disengagement  of  nitrogen  gas. 

Oxysalts  of  Silver. — Silver  Sulphate,  Ag2S04,  may  be  prepared 
by  boiling  together  oil  of  vitriol  and  metallic  silver,  or  by  preci- 
pitating a  concentrated  solution  of  silver  nitrate  with  an  alkaline 
sulphate.  It  dissolves  in  88  parts  of  boiling  water,  and  separates 
in  great  measure  in  the  crystalline  form  on  cooling,  being  but  slightly 
soluble  at  a  low  temperature.  It  forms  with  ammonia  a  crystallisable 
compound  which  is  freely  soluble  in  water,  contains  2NH3,Ag2S04, 
and  may  therefore  be  regarded  as  argentammonium  sulphate, 
(NH,Ag)2S04. 

Silver  Dithionate,  AggSjO^,  is  a  soluble  crystallisable  salt,  per- 
manent in  the  air.  The  thiosulphate,  Ag.^S.,03,  is  insoluble,  white, 
and  very  prone  to  decomposition  :  it  combines  with  the  alkaline 
thiosulphates,  forming  soluble  compounds  distinguished  by  an  in- 
tensely sweet  taste.    The  alkaline  tliiosulphates  dissolve  both  oxide 
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and  chloride  of  silver,  and  give  rise  to  similar  salts,  an  oxide  or 
chloride  of  the  alkali-metal  being  at  the  same  time  formed  :  hence 
the  use  of  alkaline  thiosulphates  in  fixing  photographic  pictures 
(p.  445). 

Silver  Nitrate,  AgNOg,  or  rather  Ag.XNOg).^,  is  prepared  by  dis- 
solving silver  in  nitric  acid,  and  evaporating  the  solution  to  dryness, 
or  until  it  is  strong  enough  to  crystallise  on  cooling.  The  crystals 
are  colourless,  transparent,  anbydrous  tables,  soluble  in  an  equal 
weight  of  cold  and  in  half  that  quantity  of  boiling  water  ;  they  also 
dissolve  in  alcohol.  They  fuse  when  heated,  like  crystals  of  nitre, 
and  at  a  high  temperature  suffer  decomposition  :  the  lunar  caustic  of 
the  surgeon  is  silver  nitrate  which  has  been  melted  and  poured  into 
a  cylindrical  mould.  Pure  silver  nitrate  is  unchanged  by  light,  but 
the  salt  blackens  when  exposed  to  light  if  organic  matters  of  any 
kind  are  present,  and  it  is  sometimes  employed  to  communicate  a 
dark  stain  to  the  hair  ;  it  enters  into  the  composition  of  the  "  indel- 
ible" ink  used  for  marking  linen.  The  black  stain  is  thought  to  be 
metallic  silver. 

-Experiment.— Dissolve  a  shilling  or  two  in  nitric  acid  diluted  with 
a  little  water.  Add  to  the  liquid  a  solution  of  common  salt,  till, 
after  well  stirring  the  liquid  and  letting  it  stand  to  become  clear,  the 
addition  of  a  drop  of  the  chloride  produces  no  further  precipitate. 
Pour  off  the  clear  liquid,  collect  the  chloride  of  silver  on  a  filter,  and 
wash  well  with  hot  water  till,  on  collecting  some  of  the  filtrate  in  a 
test  tube  and  adding  solution  of  ammonia,  no  blue  colour  is  per- 
ceptible. Then  drain  and  dry  the  precipitate.  Mix  it  with  three 
times  its  weight  of  dry  sodium  carbonate,  and  heat  the  mixture  in  a 
clay  crucible  to  bright  redness  until  the  whole  is  completely  fused. 
When  cold,  break  the  crucible,  extract  the  button  of  pure  silver, 
roll  it  into  a  strip,  and  dissolve  in  a  sufficient  quantity  of  pure  nitric 
acid.  Evaporate  the  solution  to  dryness,  redissolve  the  nitrate  in 
the  least  possible  quantity  of  distilled  water,  and  let  the  salt  crystal- 
lise, or  simply  preserve  the  solution  for  use. 

Silver  Carbonate  is  a  white  insoluble  substance  obtained  by  mixing 
solutions  of  silver  nitrate  and  sodium  carbonate.  It  is  blackened 
and  decomposed  by  boiling. 

Silver  Sulphide,  AgjS,  is  a  soft,  grey,  and  somewhat  malleable 
substance,  found  native  in  the  crystallised  state,  and  easily  produced 
hy  melting  together  its  constituents  or  by  precipitating  a  solution 
of  silver  with  hydrogen  sulphide.  It  is  a  strong  sulphur-base,  and 
combines  with  the  sulphides  of  antimony  and  arsenic  :  examples  of 
such  compounds  are  found  in  the  beautiful  minerals,  dark  and  light 
red  silver  ore. 

Silver  Nitrate,  AggN  or  AgoNj,  Berthollet^s  Fulminating  Silver. 
— This  is  a  black,  explosive  compound  formed  by  digesting  preci- 
pitated argentic  oxide  in  ammonia.  While  moist  it  exj^lodes  only 
when  rubbed  with  a  hard  body,  but  when  it  is  dry,  the  touch  of  a 
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feather  is  sufficient.  The  ammonia  retains  some  of  this  substance 
in  solution,  and  deposits  it  in  small  crystals  by  spontaneous  evapo- 
ration.   A  similar  compound  exists  containing  gold. 

Ammoniacal  Compouiids. — Argentic  chloride  absorbs  ammonia 
gas,  forming  the  compound  3NH3,Ag2Cl2,  which  readily  gives  off  its 
ammonia  when  heated,  and  may  be  used  for  the  preparation  of  pui-e 
ammonia-gas — or  of  liquid  ammonia  if  heated  in  a  sealed  tube. 
Argentic  iodide  likewise  absorbs  ammonia-gas,  forming  the  com- 
pound NH3,Ag2T2,  which  gives  off  its  ammonia  on  exposui-e  to  the 
air.    Silver  nitrate  produces  compounds  of  a  similar  kind. 

Reactions  of  Silver  Salts. — Soluble  silver  salts  are  perfectly  charac- 
terised by  the  white  curly  precipitate  of  silver  chloride,  darkening 
on  exposure  to  light,  and  insoluble  in  hot  nitric  acid,  which  is  pro- 
duced by  the  addition  of  any  soluble  chloride.  Lead  and  mercury 
are  the  only  metals  which  can  be  confounded  with  silver  in  this 
respect ;  but  lead  chloride  is  soluble  to  a  great  extent  in  boiling 
water,  and  is  deposited  in  brilliant  acicular  crystals  when  the 
solution  cools  ;  and  mercurous  chloride  is  instantly  blackened  by 
ammonia,  whereas  silver  chloride  is  dissolved  thereby. 

Solutions  of  silver  are  reduced  to  the  metallic  state  by  iron, 
copper,  mercury,  and  other  metals.  They  give  with  hydrogen  sulphide 
a  black  precipitate  of  argentic  sulphide,  insoluble  in  ammonium 
sulphide  ;  with  caustic  alkalis,  a  brown  precipitate  of  argentic  oxide  ; 
and  with  alkaline  carbonates,  a  white  precipitate  of  argentic  car- 
bonate, both  precipitates  being  easily  soluble  in  ammonia.  Ordi- 
nary sodium  phosphate  forms  a  yellow  precipitate  of  argentic  ortho- 
phosphate  ;  potassium  chromate  or  dichromate,  a  red-brown  precipitate 
of  argentic  chromate. 

Photography. — The  processes  of  photography  have  been  so  closely 
connected  with  the  action  of  light  upon  salts  of  silver,  that  a  short 
notice  of  the  early  stages  of  development  of  this  important  art 
may  be  appropriately  introduced  in  this  place.  In  the  year  1802 
Thomas  Wedgwood  proposed  a  method  of  copying  paintings  on  glass, 
by  placing  behind  them  white  paper  or  leather  moistened  with  a 
solution  of  silver  nitrate,  which  became  decomposed  and  blackened 
by  the  transmitted  light  in  proportion  to  tlie  intensity  of  the  latter  ; 
and  H.  Davy,  in  repeating  these  experiments,  found  that  he  could  thus 
obtain  tolerably  accurate  representations  of  objects  of  a  texture  partly 
opaque  and  partly  transparent,  such  as  leaves  and  the  wings  of  insects, 
and  even  copy  with  a  certain  degree  of  success  the  images  of  small 
objects  obtamed  by  the  solar  microscope.  These  pictures,  however, 
required  to  be  kept  in  the  dark,  and  could  be  examined  only  by 
candle-light,  otherwise  they  became  obliterated  by  the  blackening  of 
the  whole  surface,  from  which  the  silver  salt  couhl  not  be  removed. 
These  attempts  at  light-painting  attracted  but  little  notice  till 
the  year  1839,  when  Fox  Talbot  published  his  plan  of  "photogenic 
drawing."  This  consisted  in  exposing  in  the  camera  a  paper  soaked 
in  a  weak  solution  of  common  salt,  and  afterwards  washed  over  witli 
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a  strong  solution  of  silver  nitrate  ;  the  image  thus  obtained  was 
negative  one,  the  lights  being  dark  and  the  sliadows  light,  and  the 
pictures  were  fixed  by  immersion  in  a  solution  of  common  salt. 

Many  improvements  have  been  made  in  this  process.  In  1841 
Fox  Talbot  patented  the  beautiful  process  known  as  the  "Talbotype 
or  Calotype  process,"  in  which  the  paper  is  coated  with  silver  iodide 
by  dipping  it  first  in  silver  nitrate,  then  in  potassium  iodide.  Paper 
thus  prepared  is  not  sensitive  ^^er  se  to  the  action  of  light,  but  may^ 
be  rendered  so  by  washing  it  over  with  a  mixture  of  silver  nitrate 
and  gallic  or  acetic  acid.  If  it  be  exposed  to  the  camera  for  two  or 
three  minutes,  it  does  not  receive  a  visible  image  (unless  the  light 
has  been  very  strong),  but  still  the  compound  has  undergone  a 
certain  change  by  the  influence  of  the  light :  for  on  subsequently 
washing  it  over  with  the  mixture  of  silver  nitrate  and  acetic  or 
gallic  acid,  and  gently  warming  it,  a  negative  imnge  comes  out  on  it 
with  great  distinctness.  This  image  is  fixed  by  Avashing  the  paper 
with  sodium  thiosulphate  (commonly  called  hyposulphite),  Avhich 
removes  the  whole  of  the  silver  iodide  not  acted  upon  by  the  light, 
and  thus  protects  the  picture  from  further  change  by  exposure  to 
light.  The  negative  picture  thus  obtained  is  rendered  transpanmt 
by  placing  it  between  two  sheets  of  blotting-paper  saturated  with 
white  wax,  and  passing  a  modei'ately  heated  smoothing-iron  over 
the  whole.  It  may  then  be  used  for  printing  positive  pictures  by 
laying  it  on  a  sheet  of  paper  prepared  with  chloride  or  iodide  of 
silver,  and  exposing  it  to  the  sun. 

A  most  important  step  in  the  progress  of  photography  was  the  sub- 
stitution of  a  transparent  film  ofiodi  sed  co  Hod  ion  or  albumin 
spread  upon  glass,  for  the  iodised  paper  used  in  Talbot's  process,  to 
receive  the  negative  image  in  the  camera.  The  process  was  thus 
rendered  much  more  certain  and  rapid,  and  the  positive  pictures 
obtained  by  transferring  the  negative  to  paper  prepared  with 
chloride  or  iodide  of  silver,  were  found  to  be  much  sharper  in  out- 
line than  when  the  transference  occurs  through  paper,  as  in  the 
Talbotype  process.  In  this  process,  as  in  that  of  the  calotj'pe,  the 
image  produced  in  the  camera  is  a  latent  one,  and  requires  develop- 
ment with  substances  such  as  pyrogallic  acid,  or  ferrous  sulphate, 
Avhich,  having  a  tendency  to  absorb  oxygen,  induce,  in  presence  of 
silver  nitrate,  the  reduction  of  the  chloride  or  iodide  to  the  metallic 
state.  The  modern  dry-plate  processes  are  based  upon  the  employ- 
ment of  an  emulsion  of  bromide  or  of  chlorobromide  of  silver  with 
gelatin,  which  is  spread  upon  glass  or  paper  and  dried.  Tiie  plates 
thus  prepared  can  be  preserved  for  an  indefinite  length  of  time,  and 
are  much  more  sensitive  to  the  action  of  light  than  the  wet  collodion 
film.  F  or  a  description  of  the  best  apparatus  and  latest  processes 
used  in  these  methods  the  reader  must  consult  one  of  the  numerous 
handbooks  of  photography. 

Sir  John  Herschel  sliowed  that  a  great  number  of  other  sub- 


advantage  of  the  deoxidising  effects  of  certain  portions  of  the  solar 


photographic  processes  by  taking 
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rays.  Paper  washed  with  a  solution  of  ferric  salt  becomes  capable 
of  receiving  impressions  of  this  kind,  which  may  afterwards  be  ma«Je 
evident  by  potassium  ferricyanide,  or  gold  chloride.  Vegetable 
colours  are  also  acted  upon  in  a  very  curious  and  apparently  definite 
manner  by  the  different  parts  of  the  spectrum. 

The  Daguerreotype,  the  announcement  of  which  was  first  made  in 
the  summer  of  1839,  by  M.  Daguerre,  who  had  been  occupied  with 
this  subject  from  1826,  if  not  earlier,  is  another  remarkable  instance 
of  the  decomposing  effects  of  the  solar  rays.  A  clean  and  highly 
polished  plate  of  silvered  copper  is  exposed  for  a  certain  time  to  the 
vapour  of  iodine,  and  then  transferred  to  the  camera.  In  the  most 
improved  state  of  the  process,  a  very  short  time  suffices  for  ertecting 
the  necessary  change  in  the  film  of  silver  iodide.  The  picture,  how- 
ever, becomes  visible  only  by  exposing  it  to  the  vapour  of  mercury, 
which  attaches  itself,  in  the  form  of  exceedingly  minute  globules,  to 
those  parts  which  have  been  most  acted  upon,  that  is  to  say,  to  the 
lights,  the  shadows  being  formed  by  the  dark  polish  of  the  metallic 
plate.  Lastly,  the  plate  is  washed  with  sodium  thiosulphate,  to 
remove  the  undecomposed  silver  iodide  and  render  it  permanent. 

After  Daguerre's  time  this  process  underwent  considerable  improve- 
ments ;  amongst  these,  we  may  mention  the  exposure  of  the  plate  to 
the  vapour  of  bromine,  by  which  tlie  sensitiveness  of  the  film  is 
greatly  increased,  and  the  reduction  of  metallic  gold  upon  the  surface 
of  the  film  during  the  process  of  fixing,  by  which  the  lights  and 
shades  of  the  picture  are  rendered  more  effective  ;  but  it  w.is  long 
ago  completely  superseded  by  photography. 

Etching  and  lithographic  processes,  by  combined  chemical  and 
photographic  agency,  are  extensively  employed.  The  earliest  was 
that  of  Nifepce  :  he  applied  a  bituminous  coating  to  a  metal  plate, 
upon  which  an  engraving  was  superimposed.  The  light,  being  thus 
partially  interrupted,  acted  unequally  upon  the  varnish  ;  a  liquid 
hydrocarbon,  petroleum,  used  as  a  solvent,  removed  the  bitumen 
wherever  the  light  had  not  acted  :  the  unprotected  metal  was  bitten 
by  an  acid  ;  and  the  plate  could  then  be  printed  from  in  the  usual 
way. 

Fox  Talbot  introduced  tlie  use  of  a  mixture  of  jjotassium 
dichromate  and  gelatin,  which  hardens  by  exposure  to  the  light ; 
the  parts  not  affected  are  removed  by  washing. 

The  bitumen  process  of  Nifepce  has  been  applied  to  lithographic 
stone  ;  and  positives  obtained  from  negative  Talbotypes  have  been 
printed  off  by  a  modification  of  the  ordinary  lithograpliic  process. 
During  the  last  few  years  a  great  number  of  new  processes  for  the 
photo-mechanical  reproduction  of  drawings  or  photographs  from 
nature  have  been  introduced,  but  for  an  account  of  these  special 
technical  works  must  be  consulted.  (See,  for  example,  the  article 
"  Photography  "  in  Thorpe's  Dictionary  of  Applied  Chemistry.) 
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METALS  OF  THE  YTTRIUM  GROUP.* 

A  CONSIDERABLE  number  of  metals  occurring  in  gadolinite,  cerite, 
samarskite,  and  otlier  rare  minerals  are  included  in  this  group  : 
but  the  position  of  many  of  them  among  the  elements  is  still  exceed- 
ingly doubtful.  The  extraction  and  separation  of  the  oxides  of 
these  metals  is  complex  and  difficult,  and  the  number  of  distinct 
oxides  or  earths  thus  obtainable  is  not  exactly  known,  the  discovery 
of  some  of  them,  announced  by  certain  chemists,  having  been  denied 
by  others  ;  but  the  existence  of  the  eight  following  may  perhaps  be 
considered  as  established  : — 


Scandium, 

Yttrium, 

Lanthanum, 

Cerium, 

Didymium, 


Symbol. 
Sc 
Y 
La 
Ce 


At  w. 
44 

90 
138 
140 


Di  140  to  143 


Symbol.  At  W. 

Samarium  (or  Deci- 

pium  ?),    .       .      Sni  150 

Terbium,  ,  .       .      Tb  148 

Erbium,      .       ,      Er  166 

Ytterbium,  .       ,      Yb  173 


Yttrium,  Erbium,  Terbium,  Ytterbium,  Scandium, 

These  metals  exist  as  silicates  in  the  gadolinite  or  ytterbite  of 
Ytterby  in  Sweden,  and  in  a  few  other  rare  minerals  :  also  as  niobates 
and  tantalates  in  the  samarskite  of  North  Carolina. 

To  obtain  the  earths  yttria  and  erbia  (including  terbia  and 
ytterbia),  gadolinite  is  digested  with  hydrochloric  acid,  and  the 
solution  separated  from  the  silica  is  treated  with  oxalic  acid,  which 
throws  down  the  oxalates  of  erbium  and  yttrium,  together  with 
those  of  calcium,  cerium,  lanthanum,  and  didymium.  These  oxalates 
are  converted  into  nitrates  ;  the  solution  is  treated  with  excess  of 
solid  potassium  sulphate,  to  separate  the  cerium  metals  :  the  erbia 
and  yttria,  which  still  remain  in  solution,  are  again  precipitated  by 
oxalic  acid  ;  and  the  same  treatment  is  repeated,  till  the  solution  of 
the  mixed  earths,  when  examined  by  the  spectroscope,  no  longer 
exiiibits  the  absorption-bands  characteristic  of  didymium.  To  sepa- 
rate the  erbia  and  yttria,  they  are  again  precipitated  by  oxalic  acid. 
The  oxalates  are  converted  into  nitrates,  and  the  nitrates  of  erbium 
and  yttrium  are  separated  by  a  series  of  fractional  crystallisations, 
the  erbium  salt  being  the  less  soluble  of  the  two,  and  crystallising 
out  first. 

This  process,  for  the  details  of  which  we  must  refer  to  larger 

*  For  a  general  review  of  the  rare  eartli-metals,  see  the  Biographical  Notice 
of  Marigiiac  by  Professor  Clkve.— Tram.  Chem.  Soc,  1895. 
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works,  effects  the  separation  of  yttria  from  erljia,  terbia,  and 
ytterbia  ;  but  no  method  of  completely  separating  the  last  three 
earths  one  from  the  other  has  yet  been  devised.  The  proportions  of 
these  earths  in  gadolinite  are,  moreover,  variable,  some  specimens 
containing  nearly  pure  erbia,  whilst  others  are  nearly  free  from  that 
earth.   Ytterbia  has  been  obtained  in  very  small  quantity  only. 

Scandium,  Sc.    Atomic  weight  44-03  (Nilson)  ;  44'91  (Cleve). 

This  metal,  discovered  by  Nilson  in  1879,  and  further  examined  by 
Cleve,  exists  only  in  gadolinite  and  yttrotitanite.  The  metal  has  not 
been  isolated. 

Scandia,  ScjOg,  may  be  separated  from  ytterbia  by  the  readier 
decomposibility  of  its  nitrate  by  heat,  and  by  its  propertj- of  form- 
ing an  insoluble  double  salt  with  potassium  sulphate.  It  is  a  light, 
infusible  white  powder,  resembling  magnesia,  easily  soluble  in  hot 
nitric  and  hydrochloric  acids,  nearly  insoluble  in  the  same  acids 
when  cold.  It  is  not  volatile,  and  gives  no  colour  to  flame,  but  the 
chloride  gives  a  very  brilliant  spectrum  with  the  electric  spark. 

Scandium  salts  are  colourless,  and  have  a  sour  astringent  taste, 
quite  different  from  the  sweet  taste  of  the  salts  of  yttrium  and 
erbium.  With  potash  and  ammonia  they  give  bulky  white  pre- 
cipitates, insoluble  in  excess  ;  tartaric  acid  prevents  the  precipitation 
in  the  cold,  but  a  precipitate  forms  on  heating.  Sodium  carbonate 
gives  a  precipitate  soluble  in  excess.  Ammonium  sulphide  throws 
down  the  hydroxide.  Sodium  orthophosphate  gives  a  gelatinous 
precipitate  ;  oxalic  acid  a  curdy  precipitate  quickly  becoming  crys- 
talline. 

Scaiidium  nitrate  crystallises  from  a  strong  solution  in  small 
prisms.  The  sulphate,  802(804)3,81120,  is  permanent  at  ordinary 
temperatures,  but  gives  off  4H2O  at  100°,  the  rest  on  gentle  ignition  ; 
decomposed  at  a  high  temperature.    The  double  sulphate, 

crystallises  in  groups  of  small  prisms,  very  slightly  soluble  in  water, 
and  quite  insoluble  in  a  saturated  solution  of  potassium  sulphate. 

The  spectrum  of  scandium  obtained  by  passing  a  powerful  induc- 
tion spark  between  aluminium  poles  moistened  with  a  solution  of 
the  cliloride  is  very  complicated,  containing  moi'e  than  a  hundred 
lines. 

Scandium  agrees  very  closely,  in  its  atomic  weight  and  in  the 
properties  of  its  oxide  and  salts,  with  the  element  whose  existence 
was  predicted  by  Mendelejefl'  under  the  name  of  Ekahor — e.g.,  in 
forming  a  white  sesquioxide,  infusible,  soluble  with  difliculty  in 
acids  after  ignition,  insoluble  in  alkaliis  ;  also  in  forming  colourless 
salts,  and  a  sulphate  which  unites  with  potassium  sulphate,  forming 
a  double  salt  analogous  in  composition  to  common  alum. 

Erbia,  EbgOg,  obtained  by  ignition  of  erbium  nitrate  or  oxalate, 
has  a  faint  rose  colour. 
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Erbium  salts,  have  a  rose-red  colour,  deeper  in  the  hydrated  than 
in  the  anhydrous  state :  they  have  an  acid  reaction  and  sweet 
astringent  taste.  The  sulphate,  EbS048H20,  forms  light  rose- 
coloured  crystals,  isomorphous  with  the  sulphates  of  yttrium  and 
didymium. 

Yttria,  Y2O3,  is  a  soft,  nearly  white  powder.  It  dissolves  slowly 
but  completely  in  hydrochloric,  nitric,  and  sulphuric  acids,  forming 
colourluss  solutions  which  do  not  exhibit  any  absorption-spectrum. 
Yttriuvi  sulphate,  ¥2(804)3,81120,  forms  small  colourless  crystals. 

Terbia,  Tb203,  after  ignition  at  a  moderate  heat,  has  a  deep  orange 
colour,  but  becomes  quite  colourless  after  very  strong  ignition,  or 
when  heated  in  a  stream  of  hydrogen.  It  dissolves  slowly  but 
completely  in  the  most  dilute  acids  ;  in  hydrochloric  acid,  with 
evolution  of  chlorine.  Its  solutions  are  colourless,  and  show  no 
absorption-spectrum.  The  sulphate,  Tb2(S04)3,  SHgO,  forms  colourless 
crystals  isomorphous  with  the  sulphates  of  yttrium,  erbium,  and 
didymium. 

Ytterbia,  Yh^O^,  is  a  colourless  infusible  earth,  of  sp.  gr.  9*175, 
insoluble  in  water,  easily  soluble  in  dilute  acids,  and  attacked 
with  difficulty,  even  by  strong  acids,  in  the  cold.  Its  solutions 
have  a  sweet  astringent  taste,  are  colourless,  and  give  no  absorption - 
spectrum.  The  sulphate,  ¥1)2(804)3,81120,  forms  large  brilliant  prisms 
permanent  in  the  air,  but  giving  off  their  water  at  100°.  It  dis- 
solves slowly  in  boiling  water,  comj)letely  in  a  saturated  solution  of 
potassium  sulphate. 

Cerium — Lanthanum — Didymium — Samarium. 

The  first  three  of  these  metals  occur  together  as  silicates  in  the 
Swedish  mineral  cerite,  also  in  allanite,  orthite,  and  a  few  others  : 
and  as  phosphates  in  monazite,  edwardsite,  and  cryptolite,  a  mineral 
occurring  disseminated  through  apatite  and  through  certain  cobalt 
ores. 

Cerium  was  discovered  in  1803  by  Klaproth,  and  by  Hisinger  and 
Berzelius,  who  obtained  it  in  the  form  of  oxide  from  cerite.  This 
mineral  is  completely  decomposed  by  boiling  with  strong  hydrochloric 
acid,  silica  being  separated,  and  the  cerium,  together  with  iron  and 
other  metals,  dissolving  as  chloride.  On  treating  the  acid  solution 
thus  obtained  with  oxalic  acid,  cerium  oxalate  is  precipitated  as  a 
white  crystalline  powder,  which,  when  ignited,  leaves  a  brown  oxide. 
Tlie  product  thus  oljtained  was  for  some  time  regarded  as  the  oxide 
of  a  single  metal,  cerium;  but  in  1839  and  1841,  Mosander  showed 
that  it  contained  the  oxides  of  two  other  metals,  which  he  desig- 
nated as  lanthanum*  and  didymium.t 


*  From  XavQduui,  to  lie  hid. 
VOL.  I. 


+  Prom  SiSvfioi,  twins. 

2  F 
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Cerium  oxide  may  be  separated  from  the  oxides  of  lanthanum 
and  didymium  hy  treating  the  crude  brown  oxide  above  mentioned, 
first  with  dilute  and  then  with  strong  nitric  acid,  which  gradually 
removes  the  whole  of  the  lanthanum  and  didymium  oxides. 

The  separation  of  these  two  oxides  one  from  the  other  is  much 
more  diihcult,  and  can  be  effected  only  by  successive  crystallisation 
of  their  sulphates.  If  the  lanthanum  salt  is  in  excess,  in  which  case 
the  solution  of  the  mixed  sidphates  has  only  a  faint  amethyst  tinge, 
the  liquid  is  evaporated  to  dryness,  and  the  residue  heated  to  a 
temperature  just  below  redness,  to  render  the  sulphates  anhydrous. 
The  residue  thus  obtained  is  then  to  be  added  by  small  portions  to 
ice-cold  water,  which  dissolves  it  easily,  and  the  resulting  solution 
heated  in  a  water-bath  to  about  40°.  Lanthanum  sulphate  then 
crystallises  out,  containing  only  a  small  portion  of  didymium,  and 
may  be  further  jDurified  by  repeating  the  whole  process.  If,  on  the 
other  hand,  the  didymium  salt  is  in  excess,  in  which  case  the  liquid 
has  a  decided  rose  colour,  separation  may  be  effected  by  leaving  the 
acid  solution  in  a  warm  place  for  a  day  or  two.  Didymium  sulphate 
then  separates  in  large  rhombohedral  crystals. 

Metallic  cerium,  lanthanum,  and  didymium  are  obtained  by 
reducing  the  chlorides  with  sodium,  in  the  form  of  grey  powders, 
which  decompose  water  at  ordinary  temperatures,  and  dissolve 
rapidly  in  dilute  acids  with  evolution  of  hydrogen. 

These  three  metals  were  originally  regarded  as  diads  ;  afterwards 
from  Hillebrand's  determination  of  their  specific  heats,  and  from 
the  fact that  they  all  three  form  salts  in  which  the  metal  is  trivalent, 
they  were  supposed  to  be  triads  ;  but  experiments  by  Brauner  have 
shown  that  lanthanum  only  is  a  triad,  forming  a  single  series  of 
salts,  LaRg  (R  denoting  an  acid  radicle)  ;  whereas  cerium  is  a  tetrad, 
inasmuch  as,  besides  the  chloride  CegClg,  the  oxide  CcjOj,  etc.,  it 
also  forms  a  tetrafluoride  CeF4,  and  a  dioxide  CeOg.  Didj-mium  has 
since  been  found  to  consist  of  at  least  two  elements,  neo-dymi\im, 
and  fraseo-dymium,  both  of  which  are  pentads  forming  pentoxides 
DigOg.  These  metals  thus  fall  regularly  into  their  places  in  the 
periodic  system  (p.  268). 

LantharLum,  as  already  observed,  forms  only  one  set  of  com- 
pounds, viz.,  LaClg,  LagOa,  Lao(S04)3.  There  is,  however,  a  higher 
oxide,  the  composition  of  which  is  not  exactly  known.  Lanthanum 
salts  are  colourless  ;  their  solutions  yield,  with  alkalis,  a  precipitate 
of  lanthanum  hydroxide,  LaHjO,,  which,  when  ignited,  leaves  the 
white  anhydrous  sesquioxide.  Both  the  hydroxide  and  the  anhy- 
drous oxide  dissolve  easily  in  acids.  Lanthanum  sulphate  forms 
small  prismatic  crystals,  containing  La2(S04)3,9H20.  Lantlianum 
and  potassium  sulphate,  LaK3(SO.,)3  is  formed,  on  mixing  the  solution 
of  a  lanthanum  salt  with  potassium  sulphate,  as  a  white  crystalline 
precipitate,  resembling  tlie  corresponding  cerium  salt. 


Cerium  forms  two  series  of  compounds,  viz.,  the  c  e  r  o  u  s  com- 
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pounds  in  which  it  is  trivalent,  as  above  stated,  e.g.,  CegClfl,  CcgO^, 
08.2(804)3  ;  and  the  eerie  compounds  in  which  it  is  quadrivalent, 
e.cj.  eerie  oxide,  Ce02,  eerie  sulphate,  Ce(S04)2,  etc. 

Oerous  Oxide,  CejOa,  is  obtained  by  igniting  the  carbonate  or 
oxalate  in  a  current  of  hydrogen,  as  a  greyish-blue  powder,  quickly 
converted  into  eerie  oxide  on  exposure  to  the  air.  Its  salts  are 
colourless.  Tlie  siolphate,  Ce(S04)3,  crystallises  with  various  quan- 
tities of  water,  according  to  tlie  temperature  at  which  it  is  deposited. 
Cerium  and  potassium  sulphate,  061^3(804)3,  separates  as  a  white 
powder  on  immersing  solid  potassium  sulphate  in  a  solution  of  a 
cerous  salt.  It  is  slightly  soluble  in  pure  water,  but  insoluble  in  a 
saturated  solution  of  potassium  sulphate.  The  formation  of  this  salt 
affords  the  means  of  separating  cerium  from  most  other  metals. 

Geric  Oxide,  OeO„,  is  produced  when  cerous  hydroxide,  carbonate, 
or  nitrate  is  ignited  in  an  open  vessel.  It  is  yellowish-white,  acquires 
a  deep  orange-red  colour  when  heated,  but  recovers  its  original  tint 
on  cooling.  It  is  not  converted  into  a  higher  oxide  by  ignition  in 
oxygen.  Hydrated  eerie  oxide,  2Ce02,3H20,  obtained  by  passing 
chlorine  into  aqueous  potash  in  which  cerous  hydroxide  is  suspended, 
is  a  bright  yellow  precipitate,  which  dissolves  readily  in  sulphuric 
and  nitric  acids,  forming  yellow  solutions  of  eerie  salts ;  and  in 
hydrochloric  acid,  with  evolution  of  chlorine,  forming  colourless 
cerous  chloride. 

The  solution  of  the  sulphate  yields  by  spontaneous  evaporation, 


first,  brown-red  crystals  of  a  ceroso-cenc  salt,       /arJ^l^  \  +  4H2O, 


and  afterwards  yellow  indistinctly  crystalline  eerie  sulphate,  Oe(S04)2 
-f-4H20. 

6'emm  Fluorides. — The  mineral  fluocerite,  found  at  Finnbo  in 
Sweden,  is  generally  regarded  as  OeF4  ;  but  the  only  published 
analysis  of  it,  by  Berzelius,  agrees  better  with  the  formula,  Oe2F(.,H20. 
When  hydrated  eerie  oxide  is  treated  with  aqueous  hydrofiuorie 
acid,  a  brownish  powder  is  obtained,  consisting  of  a  hydrated 
tetra  fl  uoride,  CeF4,H20.  This  compound,  when  moderately 
heated,  gives  off  its  water  and  part  of  its  fluorine  as  hydrofluoric 
acid,  and  at  a  higher  temperature  it  gives  off  a  gas  (?  fluorine)  which 
decomposes  potassium  iodide,  with  liberation  of  free  iodine,  these 
decompositions  apparently  taking  place  according  to  the  following 
equations  : — 


On  heating  the  hydrated  tetrafluoride  for  some  time  in  contact 
with  moist  air,  pure  eerie  oxide  is  left:  OeF4,H20  +  HjO  =  OeO., 
-t-4HF.  A  potassioceric  fluoride,  3KF,2CeF4,H20,  is  obtained,  as  a 
yellowish-white  crystalline  powder,  on  treating  hydrated  eerie  oxide 
with  a  solution  of  potassium  and  hydrogen  fluoride. 

Didymium. — Solutions  of  didymium  salts  exhibit  a  well-marked 


2(CeF4,H20)  =  OegFg  +  2HF  -f  0  -f  H.O 
2(OeF4)         =  Ce,F,  + 
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absorption  spectruii],  containing  two  black  lines  inclosing  a  very 
bright  sjDace.  One  of  these  black  lines  is  in  the  yellow,  immediately 
following  Frannhofei-'s  line  D  ;  the  other  is  situated  between  E  and 
6.  These  characters  can  be  distinctly  recognised  in  a  solution  half 
an  inch  deep,  containing  only  O'lO  per  cent,  of  didymium  salt. 
Lanthanum  salts  do  not  exhibit  an  absorption  spectrum. 

Auer,  in  1885,  showed  that  by  fractional  crystallisation  of  the 
mixed  nitrates  of  aiumonium,  didymium,  and  lanthanum,  two  other 
bodies  might  be  obtained — the  one  giving  green  salts,  the  other  pink 
salts.  These,  which  have  been  called  respectively  ^praseodymium  and 
neodymium,  exhibit  characteristic  absorption  spectra,  which,  when 
combined,  approximate  to  the  original  spectrum  of  didymium. 

Samarium. — This  metal,  discovered  by  Lecoq  de  Boisbaudran  in 
samarskite,  by  means  of  its  characteristic  spectrum,  has  been  further 
examined  by  Cleve  who  obtained  its  oxide,  samaria,  from  the  thorite 
of  Areudal  in  Norway,  in  which  it  exists  together  with  the  oxides  of 
thorium,  cerium,  lanthanum,  and  didymium. 

It  is  now  supposed  to  be  identical  with  the  metal  obtained  by 
Delafontaine  in  the  Samarskite  of  North  Carolina,  and  called  deci- 
pium. 

The  spectrum  of  samarium  is  distinguished  by  several  bands, 
among  which  four  in  the  blue  region  are  the  most  characteristic. 
Its  atomic  weight  is  about  150,  supposing  its  oxide  to  have  the  com- 
position SnigOg,  a  view  which  is  in  accordance  with  the  close  analogy 
of  the  samarium  salts  to  those  of  didymium.  Samarium  is  in  fact 
more  nearly  related  to  didymium  than  to  any  other  element. 

Samarium  Chloride,  SmCl3,6H20,  forms  large  tabular  deliquescent 
crystals.  The  oxide,  SmgOg,  is  a  white  powder  with  a  scarcely  per- 
ceptible tinge  of  yellow,  and  easily  soluble  in  acids,  forming  salts 
whose  solutions  have  a  deep-yellow  colour.  The  crystallised  salts 
are  topaz-coloured,  but  in  the  state  of  powder  they  are  yellowish- 
white.  The  hydroxide  is  a  gelatinous  white  or  faintly  j^ellowish 
precipitate,  insoluble  in  alkalis.  It  is  a  stronger  base  than  yttria, 
but  not  so  strong  as  didymia. 

Tlie  acetate,  Sm(CoH302)3-|-4H20,  forms  short,  well-defined  prisms, 
moderately  soluble  in  water.  The  sulphate,  Sni2(S04).i,8H20,  forms 
well-defined  shining  crystals,  less  soluble  in  water  than  in  sulphate 
of  didymium.  The  double  sulphate,  2Sm2(S04)3,9K.,S04  +  3H.,0?, 
was  slowly  deposited  as  a  white  powder  on  adding  samarium  acetate 
to  excess  of  potassium  sulphate  :  it  is  but  very  slightly  soluble  in 
excess  of  potassium  sulphate.  The  oxalate,  Sm2(C2O4)3,10H2O,  is  a 
white  or  pale-yellowish  crystalline  precipitate. 


ALUMINIUM  GROUP. 
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METALS  OF  THE  ALUMINIUM  GEOUP. 

Aluminium — Gallium — Indium. 

These  metals  are  trivalent,  forming  compounds  of  the  forms  MCI3, 
M2O3,  etc.  Their  oxides  are  only  weakly  basic,  and  their  sulphates 
unite  with  those  of  the  alkali -metals,  forming  double  salts,  called 
alums,  which  crystallise  in  octahedrons  and  other  forms  of  the 
regular  system. 

ALUMINIUM. 

Symbol,  Al.    Atomic  weight,  27. 

This  metal  occurs  very  abundantly  in  nature  in  the  state  of  silicate, 
as  in  felsjDar  and  its  associated  minerals ;  also  in  the  various  modi- 
fications of  clay  thence  derived.  It  was  first  isolated  by  Wdhler, 
who  obtained  it  as  a  grey  powder  by  decomposing  aluminium  chlo- 
ride with  potassium  ;  and  H.  Sainte-Claire  Deville,  by  an  improved 
process  founded  on  the  same  principle,  succeeded  in  obtaining  it  in 
the  compact  form  and  on  the  manufacturing  scale.  The  process 
consisted  in  decomposing  the  double  chloride  of  aluminium  and 
sodium,  AlCljjNaUl,  by  heating  it  with  metallic  sodium,  fluor-spar 
or  cryolite  being  added  as  a  flux.  The  reduction  was  effected  in 
crucibles  or  cylinders  of  fire  clay. 

Aluminium  has  also  been  prepared  directly  from  cryolite  by  reduc- 
tion with  sodii;m,  but  the  metal  thus  obtained  is  said  to  be  more 
contaminated  with  iron  and  silicon  than  that  prepared  by  Deville's 
process.  The  metal  is  now  obtained  by  decomjDOsition  of  the  oxide 
dissolved  in  a  bath  of  fused  cryolite,  by  means  of  an  electric  furnace. 
Alumina,  the  only  known  oxide  of  aluminium,  is  not  reducible  by 
the  action  of  carbon  alone  at  any  attainable  furnace  temperature,  but 
when  alumina  mixed  with  charcoal  is  heated  to  the  high  tempera- 
ture of  the  electric  arc  metallic  aluminium  separates.  Thick  rods  of 
gas  carbon  are  used  as  the  poles  by  which  the  current  for  the  pro- 
duction of  the  arc  is  introduced  into  the  fused  mass.  Alumina  in 
the  form  of  bauxite  is  added  from  time  to  time  in  proportion  as  the 
metal  is  reduced.  This  does  not  ajroear  to  be  essentially  a  proce.ss 
of  electrolysis  but  chiefly  a  chemical  decomposition  of  alumina  by 
carbon  at  the  high  temperature  of  the  electric  arc.  Carbonic  oxide 
accompanied  by  fluorine  escapes. 

Aluminiuin  is  remarkable  for  its  low  density,  which  is  2-67  ;  it  is 
nearly  as  white  as  silver,  and  is  capable  of  assuming  a  high  polish. 
It  is  employed  in  the  manufacture  of  delicate  apparatus  and  orna- 
mental articles.    Some  of  the  alloys  of  aluminium  are  more  generally 
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applicable,  more  especially  the  alloy  with  copper,  which  is  remark- 
able for  being  similar  in  appearance  to  gold  :  this  alloy  is  found  in 
commerce  under  the  name  of  aluminium  bron'/.e. 

The  alloys  of  aluminium  with  copper  are  now  produced  to  some 
extent  by  a  process  patented  by  Messrs  E.  H.  and  A.  H.  Cowles. 
The  apparatus  used  consists  of  a  firebrick  box  or  fui-nace,  through 
the  end  walls  of  which  project  two  large  carbon  electrodes  connected 
with  a  powerful  dynamo-machine.  The  furnace  is  lined  with  a 
mixture  of  charcoal  and  lime,  and  is  filled  with  a  mixture  of  cor- 
undum (alumina)  with  charcoal  and  granulated  copper.  On  passing 
the  current  between  the  carbon  poles  aluminium  is  liberated,  and 
unites  with  the  copper  to  form  an  alloy,  to  which  a  larger  quantity 
of  copper  can  afterwards  be  added  if  desired. 

Aluminium  forms  only  one  class  of  compounds,  in  which  it  is 
trivalent,  one  atom  of  the  metal  being  equivalent  to  three  atoms 
of  hydrogen  ;  thus  the  chloride  is  AICI3,  the  oxide,  AljOj,  etc. 
These  compounds  might  indeed  be  represented  by  formulae  into 
which  the  metal  enters  as  a  tetrad,  e.g.,  the  chloride  CLAl — AlCl,, 
/A1  =  0 

the  oxide  0^  |        ,  etc.,  but  the  simpler  formulee  are  justified,  as 
\A1  =  0 

already  observed  (p.  267),  by  the  vapour-density  of  aluminium  chlo- 
ride, which  is  in  accordance  with  the  formula  AICI3,  and  by  the 
position  of  aluminium  in  Mendelejeff's  series. 

Aluminium  Chloride,  AICI3. — This  compound  is  obtained  in 
solution  by  dissolving  alumina  or  aluminium  hydrate  in  hydro- 
chloric acid ;  but  the  solution,  wlien  evaporated,  gives  oft"  hydro- 
chloric acid  and  leaves  alumina.  The  anhydrous  chloride  may  be 
prepared  by  heating  a  mixture  of  alumina  and  finely  divided  carbon 
in  chlorine  gas. 

Pure  precipitated  alumina  is  dried  and  mixed  with  oil  and  lamp- 
black, and  the  mixture,  after  being  strongly  calcined  in  a  covered 
crucible,  is  introduced  into  a  porcelain  tube  or  tubulated  earthen 
retort,  placed  in  a  furnace  and  connected  at  one  end  with  an  appa- 
ratus for  evolving  chlorine,  and  at  the  other  with  a  dry  receiver.  On 
raising  the  heat  to  bright  redness,  and  passing  chlori ne  through  the 
apparatus,  aluminium  chloride  distils  over,  together  with  carbon 
monoxide,  and  condenses  as  a  solid  mass  in  the  receiver ; 

AI2O3    +    C3    +    Clu    =    2AICI3    +  300. 

Aluminium  chloride  is  a  trausparent  waxy  substance,  having  a 
crystalline  structure,  colourless  when  pure,  but  generally  exhibiting 
a  yellow  colour,  due  perhaps  to  the  presence  of  iron.  It  boils*  at 
about  180°,  fumes  in  the  air,  and  smells  of  hydrochloric  acid.  It  is 
very  deliquescent,  and  dissolves  readily  in  water  ;  the  solution  when 

*  For  a  synopsis  of  all  the  published  dctenniiiations  of  vapour-densities  of 
chlorides  of  ahuuiniuiu  and  allied  metals,  sec  a  paper  by  Professor  S.  Young  in 
JValure,  Dec.  27,  1888. 
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left  to  evaporate  yields  the  hydrated  chloride,  AlClajGHgO,  in  six- 
sided  prisms,  which  when  heated  are  resolved  into  alumina  and 
hydrochloric  acid. 

Aluminium  and  Sodium  Chloride,  AlCl3,NaCl,  is  obtained  by 
melting  together  the  component  chlorides  in  proper  proportions,  or 
by  adding  the  requisite  quantity  of  sodium  chloride  to  the  mixture 
of  alumina  and  charcoal  used  for  the  jDreparation  of  aluminium 
chloride,  igniting  the  mass  in  chlorine  or  hydrochloric  acid,  and 
condensing  the  vapour  in  a  receiver.  It  is  a  crystalline  mass,  less 
deliquescent  than  aluminium  chloride,  and,  therefore,  more  con- 
venient for  the  preparation  of  aluminium. 

Aluminium  Fluoride,  AIF3,  is  produced  by  the  action  of  gaseous 
silicon  fluoride  on  aluminium,  and  forms  cubic  crystals,  volatilising 
at  a  red  heat,  insoluble  in  water,  and  resisting  the  action  of  all  acids. 

Aluminium  and  Sodium  Fluoride,  AlF3,3NaF,  occurs  abundantly 
as  cryolite,  at  Evigtok  in  Greenland,  and  is  prepared  artificially  by 
pouring  hydrofluoric  acid  in  excess  on  a  mixture  of  calcined  alumina 
and  sodium  carbonate.  Cryolite  forms  quadratic  crystals,  colourless, 
transparent,  softer  than  felspar,  and  of  density  2'96.  It  is  used,  as 
already  mentioned,  for  the  preparation  of  aluminium,  and  in  Ger- 
many to  a  small  extent  for  the  manufacture  of  sodium  carbonate. 

With  this  object  it  is  heated  with  chalk  whereby  calcium  iiuoride 
and  a  soluble  sodium  aluminate  is  formed  from  which  the  alumina 
is  precipitated  by  carbon  dioxide. 

Aluminium  Oxide. — Alumina,  A1203. — This  substance  is  pre- 
pared by  mixing  a  solution  of  alum  with  excess  of  ammonia,  by 
which  an  extremely  bulky,  white,  gelatinous  precipitate  of  alumi- 
nium hydrate  is  thrown  down.  This  is  washed,  dried,  and  ignited 
to  whiteness.  Thus  obtained,  alumina  constitutes  a  white,  tasteless, 
coherent  mass,  very  little  acted  upon  by  acids.  It  is  fusible  before 
the  oxyhydrogen  blow-pipe.  The  mineral  called  corundum,  of  which 
the  ruby  and  sapphire  are  transparent  varieties,  consists  of  nearly 
pure  alumina  in  a  crystallised  state,  with  a  little  colouring  oxide  ; 
emery,  used  for  polishing  glass  and  metals,  is  a  coarse  variety  of 
corundum.  Alumina  imperfectly  neutralises  acids,  and  its  salts 
have  an  acid  reaction. 

Aluminium  Hydrates. — Aluminium  forma  three  hydrates, 
namely  : — 

Monohydrate,    .       .       .    Al^Og.HijO    or  AIO(OH) 
Dihydrate,        .       .       .    AljOj.aHgO  or  Al20(0H)i 
Trihydrate,       .       .       .    A\fi„3E.fi  or  A1(0H)3 . 

The  first  is  found  native,  as  diaspore,  in  translucent  masses,  which 
crumble  to  powder  when  heated,  and  give  off  the  whole  of  their 
water  at  360". 

The  third  is  the  ordinary  gelatinous  precipitate  obtained  by 
treating  solutions  of  aluminium  salts — alum,  for  example — with 
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ammonia  or  alkaline  carbonates.  When  dried  at  a  moderate  heat, 
it  forms  a  soft  friable  mass,  which  adheres  to  the  tongue  and  forms 
a  stiff  paste  with  water,  but  does  not  dissolve  in  that  liquid.  At  a 
strong  red  heat  it  gives  off  water,  and  undergoes  a  very  great 
contraction  of  volume.  It  dissolves  with  great  facility  in  acids, 
and  in  the  fixed  caustic  alkalis.  When  a  solution  of  alumina  in 
caustic  potash  is  exjDOsed  to  the  air,  the  potash  absorbs  carbonic 
acid,  and  the  aluminium  trihydrate  is  then  deposited  in  white 
crystals,  which  are  but  sparingly  soluble  in  acids. 

Aluminium  trihydrate  has  a  very  powerful  attraction  for  organic 
matter,  and  when  digested  in  solutions  of  vegetable  colouring 
matter,  combines  with  and  carries  down  the  colouring  matter, 
which  is  thus  removed  entirely  from  the  liquid  if  the  alumina  is  in 
sufficient  quantity.  The  pigments  called  lakes  are  compounds  of 
this  nature.  The  fibre  of  cotton  impregnated  with  alumina  acquires 
the  same  power  of  retaining  colouring  matters  :  hence  the  great  use 
of  aluminous  salts  as  mordants  to  produce  fast  colours. 

Aluminium  trihydrate  occurs  native  as  gibbsite,  a  stalactitic, 
translucent,  fibrous  mineral,  easily  dissolved  by  acids,  occuring  at 
Gumuch-dagh  in  Asia  Minor,  at  Richmond  in  Massachusetts,  and 
other  localities  in  the  United  States  ;  also  as  hyclrargyllite,  near 
Slatoust  in  the  Ural,  in  small  hexagonal  prisms. 

Dihydrate. — When  a  dilute  solution  of  aluminium  diacetate  is 
exposed  for  several  days  to  a  temf)erature  of  100°  in  a  close  vessel, 
acetic  acid  appears  to  be  formed,  although  no  precipitation  of 
alumina  takes  place.  The  liquid  acquires  the  taste  of  acetic  acid, 
and  if  afterwards  boiled  in  an  open  vessel,  gives  off  nearly  the  whole 
of  its  acetic  acid,  the  alumina,  nevertheless,  remaining  in  sohition. 
This  solution  is  coagulated  by  mineral  acids  and  by  most  vegetable 
acids,  by  alkalis,  and  by  decoctions  of  dye-woods.  The  alumina 
contained  in  it  is,  however,  no  longer  capable  of  acting  as  a  mordant. 
Its  coagulum  with  dye-woods  has  the  colour  of  the  infusion,  but  is 
translucent  and  totally  different  from  the  dense  opaque  lakes  which 
ordinary  alumina  forms  with  the  same  colouring  matters.  On 
evaporating  the  solution  to  dryness  at  100°,  the  alumina  remains 
in  the  form  of  dihydrate,  retaining  only  a  trace  of  acetic  acid.  In 
this  state  it  is  insoluble  in  the  stronger  acids,  but  soluble  in  acetic 
acid,  provided  it  has  not  been  previously  coagulated  in  the  manner 
just  mentioned.  Boiling  potash  converts  it  into  the  trihydrate 
(Cruni). 

An  aluminium  dihydrate,  called  Bauxite,  in  which  the  aluminium 
is  partly  replaced  by  iron,  viz.,  (AlFe)203,2H.20  or  (AlFe).20(OH)4, 
occurs  in  roundish  masses  at  Beaux,  near  Aries,  in  France,  also  near 
Belfast  and  in  otlier  places,  and  is  largely  employed  for  the  prepara- 
tion of  alumina  and  metallic  aluminium. 

Aluminates. — The  hydrogen  in  aluminium  trihydrate  may 
be  replaced  by  an  equivalent  quantity  of  various  metals  ;  such  com- 
pounds are  called  aimniiuxtes.  According  to  Fr6my,  a  solvition  of 
alumina  in  potash  slowly  evaporated  out  of  contact  with  the  air. 
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deposits  granular  crystals  of  potassium  alumiuale,  AlKOj,  or 
A1.,K204  =  AljOajKaO.  Similar  compounds  occur  native  thus 
Spmell  is  an  aluminate  of  magnesium,  Al2Mg04 ;  Gahnite,  an 
aluminate  of  zine,  AlaZnOj. 

Aluminium  Sulphide,  AI2S3. — When  the  vapour  of  carbon  bisul- 
phide is  passed  over  alumina  at  a  bright  red  heat,  a  glassy  melted 
mass  remains,  which  is  instantly  decomposed  by  water,  with  evolu- 
tion of  sulphuretted  hydrogen. 

Aluminium  Sulphate,  Al2(S04)3,18H20,  or  Al203,3S03,18H20. 
— Prepared  by  saturating  dilute  sulphuric  acid  with  aluminium 
hydrate,  and  evaporating ;  or,  on  the  large  scale,  by  heating  clay 
with  sulphuric  acid.  It  crystallises  in  thin  pearly  plates,  soluble 
in  two  parts  of  water  ;  it  has  a  sweet  and  astringent  taste,  and  an 
acid  reaction.  Heated  to  redness,  it  is  decomposed,  leaving  pure 
alumina. 

Aluminium  sulphate  combines  with  the  sulphates  of  potassium, 
sodium,  and  ammonium,  and  the  other  alkali-metals,  forming  double 
salts  of  great  interest,  the  alums.  Common  alum,  the  source  of  all 
the  preparations  of  alumina,  contains  A1K(S04)2,12H20.  This  was 
formerly  manufactured  on  a  very  large  scale  from  a  kind  of  slaty  clay 
loaded  with  iron  bisulphide,  which  abounds  on  the  Yorkshire  coast 
and  in  Scotland.  When  this  is  gently  roasted,  and  then  exposed  to 
the  air  in  a  moistened  state,  oxygen  is  absorbed,  ferrous  sulphate 
and  aluminium  sulphate  are  produced,  and  may  be  afterwards 
separated  by  lixiviation  with  water.  The  solution,  mixed  with  a 
quantity  of  potassium  chloride,  forms  ferrous  chloride  and  potassium 
sulphate,  and  the  latter  combines  with  the  aluminium  sulphate  to 
form  alum.  By  crystallisation  the  alum  may  be  separated  from  the 
highly-soluble  iron  chloride,  and  afterwards  easily  purified  by  a 
repetition  of  the  process. 

Alum  is  now  manufactured  by  treating  alum-clay,  bauxite  or 
alunite  with  sulphuric  acid  so  as  to  form  aluminium  sulphate,  and 
converting  this  salt  into  crystallised  alum  by  adding  potassium 
chloride  or  ammonium  sulj^hate  to  the  strong  solution. 

Potassium-alum  crystallises  in  colourless  transjaarent  octahedrons, 
which  often  exhibit  the  faces  of  the  cube.  It  has  a  sweetish  and 
astringent  taste,  reddens  litmus  paper,  and  dissolves  in  18  parts  of 
water  at  15"5°,  and  in  its  own  weight  of  boiling  water.  Exposed  to 
heat,  it  is  easily  rendered  anhydrous,  and  by  a  very  high  tempera- 
ture it  is  decomposed.  The  crystals  have  little  tendency  to  change 
in  the  air.  Alum  is  largely  used  in  the  arts,  in  preparing  skins, 
dyeing,  etc. :  it  is  occasionally  contaminated  with  iron  oxide,  whicli 
interferes  with  some  of  its  applications.  The  celeln-ated  Roman 
alum,  made  from  cdnm-stonc,  a  lelspathic  rock  altered  by  sulphurous 
vapours,  was  once  much  prized  on  account  of  its  freedom  from  this 
impurity.  A  mixture  ot  dried  alum  and  sugar,  carbonised  in  an 
open  pan,  and  then  heated  to  redness  in  a  glass  flask,  contact  with 
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air  being  avoided,  furnishes  Homherg's  pyrophoriis,  ■w'hicli  ignites 
spontaneously  on  exposure  to  the  air.  The  essential  ingredient  is, 
in  all  probability,  finely-divided  potassium  sulphide. 

A  process  has  been  patented  by  Messrs  Duncan  and  Newlands  for 
separating  the  potash  from  syrups  of  beet  and  cane  sugar  by  means 
of  aluminium  sulphate,  the  potash  being  thereby  precipitated  in  the 
form  of  alum.  A  solution  of  aluminium  suliihate  of  a  density  corre- 
sponding with  about  27°  of  Baume's  hydrometer  is  added  to  the  cold 
syrup  having  a  density  of  about  36°  B.,  in  quantity  sufficient  to 
precipitate  the  whole  of  the  potash  present  ;  the  mixture  is  well 
stirred  for  fifteen  minutes  to  an  hour  ;  and  the  Avhole  left  at  rest 
for  four  or  five  hours  till  the  deposit  has  completely  subsided. 
This  deposit  consists  of  small  crystals,  technically  known  as  "  alum 
meal."  Considerable  quantities  of  alum  were  a  few  years  ago  made 
by  this  process. 

Sodium-alum,  in  which  sulphate  of  sodium  replaces  sulphate 
of  potassium,  has  a  form  and  constitution  similar  to  that  of 
common  alum  :  it  is,  however,  much  more  soluble  and  difficult  to 
crystallise. 

Ammonium-alum,  containing  NH4  instead  of  K,  very  closely 
resembles  common  potassium-alum,  having  the  same  figure,  appear- 
ance, and  constitution,  and  nearly  the  same  degree  of  solubOity  as 
that  substance.  When  heated  to  redness  ammonium-alum  yields 
pure  alumina. 

Ccesium-alum,  AlCs(S04)2,12H20,  and 

Ituhidium  alum,  AlRb(S04)2,12H20, 
resemble  potassium-alum.  A  silver  alum,  AlAg(S04)2,12H20,  is 
formed  by  heating  equivalent  quantities  of  argentic  and  aluminium 
sulphates  till  the  former  is  dissolved.  It  crystallises  in  regular 
octahedrons,  and  is  resolved  by  water  into  its  component  salts. 
There  is  also  a  thallium-alum,  A1TI(S04)2,12H20,  which  crystallises 
in  regular  octahedrons. 

Lastly,  there  are  alums  isomorphous  with  those  just  described, 
in  which  the  aluminium  is  replaced  by  iron,  chromium,  and  man- 
ganese :  for  example,  ])otassio-ferric  sulphate  or  potassium-iron  ahim, 
FeK(S04)2,12H20  ;  ammonio-chromic  sulphate,  Cr(NH4)(S04)2, 12H2O. 
These  will  be  described  further  on. 

Experiments. — Mix'in  a  beaker  not  less  than  about  2  ounces  of  pipe- 
clay or  alum  clay  with  about  twice  its  weight  of  oil  of  vitriol,  cover 
with  a  clock-glass  and  heat  on  sand  to  near  the  boiling-point  of  the 
acid  for  two  or  three  hours.  Let  the  mass  cool,  dilute  with  about 
six  times  its  bulk  of  water,  boil  and  filter.  Take  a  quantity  of 
potassium  chloride  aljout  equal  to  that  of  the  clay  employed,  dissolve 
it  in  a  small  quantity  of  water,  mix  the  solution  with  that  of  the 
aluminium  sul])hate  just  prepared.  Stir  vigorously  till  a  copious 
deposit  of  granular  alum  is  formed.  Let  this  subside,  pour  off  the 
solution,  boil  up  the  powder  in  seven  or  eight  times  its  weight  of 
water,  and  allow  it  to  cool  slowly.  Large  octahedral  crystals  of  alum 
should  be  formed  in  the  course  of  a  few  hours. 
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Phospiiates.— Tlie  normal  salt,  AIPO4  or  Al2(P04)2,  is  obtained 
on  adding  a  neutral  solution  of  alum  to  a  solution  of  ordinary 
sodium  phosphate,  as  a  gelatinous  precipitate,  which  dissolves  in 
caustic  potash  or  soda  and  in  mineral  acids,  but  not  in  ammonia  or 
in  acetic  acid.  On  adding  ammonia  to  a  solution  of  this  salt  in 
hydrochloric  acid,  a  precipitate  is  formed,  consisting  of  a  basic  salt, 
3Al2(P04)2,Al2(OH)e+15H20.  The  mineral  wavellite,  which  occurs 
in  trimetric  crystals,  or  in  hemispherical  or  globular  concretions 
having  a  radiate  structure,  is  likewise  a  basic  aluminium  phosphate 
having  the  composition  2Al2(P04)2,Al2(OH)g  +  9H20  :  it  also  con- 
tains small  quantities  of  fiuorine  and  sometimes  of  chlorine. 
Turquois  is  another  basic  aluminium  phosphate,  containing 
Al2(PO,)2,Al2(OH)e  +  2H20. 

Silicates. — Silicates  of  aluminium  enter  into  the  composition  of 
a  number  of  crystallised  minerals,  among  which  felspar,  by  reason 
of  its  abundant  occurrence,  occupies  a  prominent  place.  Granite, 
porphyry,  trachyte,  and  other  ancient  unstratified  rocks,  consist  in 
great  part  of  this  mineral,  which,  under  particular  circumstances, 
by  no  means  well  understood,  and  particularly  by  the  action  of  the 
carbonic  acid  of  the  air,  suffers  complete  decomposition,  being  con- 
verted into  a  soft  friable  mass  of  earthy  matter.  This  is  the  origin 
of  clay  :  the  change  itself  is  seen  in  great  perfection  in  certain  dis- 
tricts of  Devonshire  and  Cornwall,  the  felspar  of  the  fine  white 
granite  of  those  localities  being  often  disintegrated  to  a  great  depth, 
and  the  rock  altered  to  a  substance  resembling  soft  mortar.  By 
washing,  this  finely-divided  substance  is  separated  from  the  quartz 
and  mica  ;  and  the  milk- like  liquid,  being  stored  up  in  tanks, 
deposits  the  suspended  clay,  which  is  afterwards  dried,  first  in  the 
air,  and  afterwards  in  a  stove,  and  employed  in  the  manufacture  of 
porcelain.  The  composition  assigned  to  unaltered  felspar  is 
AlKSigOg,  or  AlKSi04,2Si02,  or  AlaOgjKoO.GSiO,.  The  nature  of 
the  change  by  which  felspar  passes  into  porcelain  clay  is  not  exactly 
understood,  but  it  consists  essentially  in  the  abstraction  of  silica 
and  alkali. 

When  the  decomposing  rock  contains  iron  oxide,  the  clay  pro- 
duced is  coloured.  The  different  varieties  of  shale  and  slate  result 
from  the  alteration  of  ancient  clay-beds,  apparently  in  many 
instances  by  the  infiltration  of  water  holding  silica  in  solution  :  the 
dark  appearance  of  some  of  these  deposits  is  due  to  bituminous 
matter.  Clays  containing  an  admixture  of  calcium  carbonate  are 
called  marls,  and  may  be  recognised  by  their  property  of  effervescing 
with  acids.  Pure  clays  are  but  little  affected  by  dilute  acids,  but  on 
boiling  them  with  strong  sulphuric  acid,  alumina  is  dissolved  out 
and  finely-divided  silica  left  behind. 

A  basic  aluminium  silicate,  AlaO^jSiOj,  is  found  crystallised, 
constituting  the  beautiful  mineral  called  cyanite.  The  compounds 
formed  by  tlie  union  of  the  aluminium  silicates  with  other  silicates 
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are  aliuoHt  iiuiuinerable.  A  sodium  felspar,  alhite,  containing  that 
metal  in  place  of  potassium,  is  known,  and  there  are  two  somewhat 
similar  lithium  compounds,  spodmnene  and  'petalite.  The  zeolites 
are  hydrated  silicates  belonging  to  this  class  ;  analcime,  nepheline, 
mesotype,  etc.,  are  double  silicates  of  sodium  and  aluminium,  with 
water  of  crystallisation.  Stilbite,  heulandite,  laumontite,  prelmite, 
etc.,  consist  of  calcium  silicate  combined  with  silicate  of  aluminium. 
The  garnets,  axinite,  mica,  etc.,  have  a  similar  composition,  but  are 
anhydrous.  Iron  sesquioxide  is  very  often  substituted  for  alumina 
in  these  minerals. 


Reactions  of  Aluminium  Salts. — Alumina  and  sails  of  aluminium, 
when  moistened  with  cobcdt  nitrate  and  heated  before  the  blow-pipe, 
assume  a  characteristic  blue  colour. 

Alumina  when  in  solution  is  readily  distinguished.  Caustic 
potash  and  soda  occasion  a  white  gelatinous  precipitate  of  alumi- 
nium hydrate,  freely  soluble  in  excess  of  the  alkali.  Ammonia 
produces  a  similar  precipitate,  insoluble  in  excess  of  the  reagent. 
The  alkaline  carbonates  and  carbonate  of  ammonia  precipitate  the 
hydrate,  with  escape  of  carbonic  acid.  The  precipitates  are  in- 
soluble in  excess. 

Ammoniv,m  sulphide  also  produces  a  white  precipitate  of  alumi- 
nium hydrate. 

Porcelain  and  Earthenware.— The  plasticity  of  natural  claj's, 
and  their  hardening  when  exposed  to  heat,  are  properties  which 
suggested  in  very  early  times  their  ajiplication  to  the  making  of 
vessels  for  the  various  purposes  of  daily  life  :  there  are  few  branches 
of  industry  of  higher  antiquity  than  that  exercised  by  the  potter. 

True  porcelain  is  distinguished  from  earthenware  by  very  obvious 
characters.  In  porcelain  the  body  of  the  ware  is  very  compact  and 
translucent,  and  breaks  with  a  conchoidal  fracture,  indicative  of 
incipient  fusion.  The  glaze,  too,  applied  for  giving  a  perfectly 
smooth  surface,  is  closely  adherent,  and,  in  fact,  graduates  by  in- 
sensible degrees  into  the  substance  of  the  porcelain.  In  earthen- 
ware, on  the  contrary,  the  fracture  is  open  and  earth}-,  and  the  glaze 
may  be  detached  with  greater  or  less  facility.  Tlie  compact  and 
partly  glassy  character  of  porcelain  is  the  result  of  the  admixture 
with  the  clay  of  a  small  portion  of  some  substance,  such  as  felspar,  or 
a  calcic  or  alkaline  silicate,  which  is  fusible  at  the  temperature  to 
which  the  ware  is  exposed  when  baked  or  fired,  and  being  absorbed 
by  the  less-fusible  portion,  binds  the  whole  into  a  solid  mass  on  cool- 
ing. The  clay  employed  in  porcelain-making  is  alwaj's  directly 
derived  from  decomposed  felspar,  none  of  the  clays  of  the  secondary 
strata  being  pure  enough  for  the  purpose  :  it  must  be  white,  and  free 
from  iron  oxide.  To  diminish  the  contraction  which  this  substance 
undergoes  in  the  fire,  a  quantity  of  finely-divided  silica,  carefully 
prepared  by  crushing  and  grinding  calcined  flints  or  chert,  is  added, 
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together  with  a  proper  proportion  of  felspar  or  other  fusible  material, 
also  reduced  to  impalpable  powder.  The  utmost  pains  arc  taken  to 
effect  perfect  uniformity  of  mixture,  and  to  avoid  the  introduction  of 
particles  of  grit,  or  other  foreign  bodies.  The  ware  itself  is  fashioned 
either  on  the  potter's  wheel — a  kind  of  vertical  lathe — or  in  moulds 
of  plaster  of  Paris,  and  dried  first  in  the  air,  afterwards  by  artificial 
heat,  and  at  length  completely  hardened  by  exposure  to  the  tempera- 
ture of  ignition.  The  porous  biscuit  is  now  tit  to  receive  its  glaze, 
which  may  be  either  ground  felspar  or  a  mixture  of  gypsum,  silica, 
and  a  little  porcelain  clay,  diffused  through  water.  The  piece  is 
dipped  for  a  moment  into  this  mixture,  and  withdrawn  ;  the  water 
sinks  into  its  substance,  and  the  powder  remains  evenly  spread 
upon  its  surface  ;  it  is  once  more  dried,  and,  lastly,  fired  at  an 
exceedingly  high  temperature. 

The  porcelain-furnace  is  a  circular  structure  of  masonry,  having 
several  fire-places,  and  surmounted  by  a  lofty  dome.  Dry  wood  or 
coal  is  consumed  as  fuel,  and  its  flame  is  directed  into  the  interior, 
and  made  to  circulate  around  and  among  the  earthen  cases,  or 
seggars,  in  which  the  articles  to  be  fired  are  packed.  Many  hours  are 
required  for  tliis  operation,  which  must  be  very  carefully  managed. 
After  the  lapse  of  several  days,  when  the  furnace  has  completely 
cooled,  the  contents  are  removed  in  a  finished  state,  so  far  as  regards 
the  ware. 

The  ornamental  part,  consisting  of  gilding  and  painting  in  enamel, 
has  yet  to  be  executed  ;  after  which  the  pieces  are  again  heated,  in 
order  to  flux  the  colours.  The  operation  has  sometimes  to  be  repeated 
more  than  once. 

The  manufacture  of  porcelain  in  Europe  is  of  modern  origin  ;  the 
Chinese  have  possessed  the  art  from  the  commencement  of  the  seventh 
century,  and  their  ware  is,  in  some  respects,  altogether  unequalled. 
The  materials  employed  by  them  are  known  to  be  kaolin  or  decom- 
posed felspar  :  ijetimtze,  or  quartz  reduced  to  fine  powder  ;  and  the 
ashes  of  fern,  which  contain  potassium  carbonate. 

Stoneware. — This  is  a  coarse  kind  of  porcelain,  made  from  clay  con- 
taining oxide  of  iron  and  a  little  lime,  to  which  it  owes  its  partial 
fusibility.  The  glazing  is  performed  by  throwing  common  salt  into 
the  heated  furnace  ;  this  is  volatilised,  and  decomposed  by  the  joint 
agency  of  the  silica  of  the  ware  and  of  the  vapour  of  water  always 
present ;  hydrochloric  acid  and  soda  are  produced,  the  latter  forming 
a  silicate,  which  fuses  over  the  surface  of  the  ware,  and  gives  a  thin 
but  excellent  glaze. 

Earthemvare. — Tlie  finest  kind  of  earthenware  is  made  from  a  white 
secondary  clay,  mixed  with  a  considerable  quantity  of  silica.  The 
articles  are  thoroughly  dried  and  fired  ;  after  which  they  are  dijjped 
into  a  readily-fusible  glaze  mixture,  of  which  lead  oxide  is  usually 
an  important  ingredient,  and  when  dry,  reheated  to  the  melting- 
point  of  the  latter.  The  whole  process  is  nuich  easier  of  execution 
than  the  making  of  porcelain,  and  demands  less  care.  The  orna- 
mental designs  in  blue  and  other  colours,  so  common  upon  plates  and 
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household  articles,  are  printed  upon  paper  in  enamel  pigment  mixed 
with  oil,  and  transferred,  while  still  wet,  to  the  unglazed  ware.  When 
the  ink  becomes  dry,  the  paper  is  washed  off,  and  the  glazing  completed. 

The  coarser  kinds  of  earthenware  are  sometimes  covered  with  a 
whitish  opaque  glaze,  which  contains  the  oxides  of  lead  and  tin  ; 
such  glaze  is  very  liable  to  be  attacked  by  acids,  and  is  dangerous 
for  culinary  vessels. 

Crucibles,  when  of  good  quality,  are  very  valuable  to  the  chemist. 
They  are  made  of  clay  free  from  lime,  mixed  with  sand  or  ground 
ware  of  the  same  description.  The  Hessian  and  Cornish  crucibles 
are  among  the  best.  Sometimes  a  mixture  of  plumbago  and  clay  is 
employed  for  the  same  purpose  ;  and  powdered  coke  has  been  also 
used  with  the  earth  :  such  crucibles  bear  rapid  changes  of  tempera- 
ture with  impunity. 


GALLIUM. 

Symbol,  Ga.    Atomic  weight,  70. 

This  metal  was  discovered  in  1875  by  Lecoq  de  Boisbaudran,  in  a 
zinc-blende  from  the  mine  of  Pierrefitte,  in  the  valley  of  Ai-geles, 
Pyrenees,  and  has  likewise  been  found,  although  always  in  very  small 
quantity,  in  blendes  from  other  localities.  It  is  separated  by  dis- 
solving the  blende  in  nitromuriatic  acid,  immersing  plates  of  zinc  in 
the  solution  till  the  disengagement  of  hydrogen  becomes  slow — 
whereby  cojjper,  lead,  cadmium,  and  other  metals  are  precipitated — 
and  then  boiling  the  clear  liquid  for  several  hours  with  a  large 
excess  of  zinc,  which  throws  down  alumina,  basic  zinc-salts,  and 
oxide  of  gallium.  This  precipitate  is  redissolved  in  hydrochloric 
acid  ;  the  solution  again  boiled  with  zinc  ;  the  residting  precipitate, 
which  contains  the  gallium  in  a  more  concentrated  form,  is  redis- 
solved in  hydrochloric  acid  ;  the  solution  mixed  with  ammonium 
acetate  is  treated  with  hydrogen  sulphide,  which  throws  down  the 
zinc  and  gallium  as  sulphides,  leaving  the  aluminium  in  solution  ; 
and  this  treatment  is  repeated  to  ensure  the  complete  separation  of 
the  alumina.  The  white  sulphides  of  zinc  and  gallium  are  then 
dissolved  in  hydrochloric  acid ;  the  solution  is  fractionally  precijii- 
taled  with  sodium  carbonate,  the  gallium  going  doM'n  chief!}'  in  the 
first  portions ;  and,  to  complete  the  separation  of  the  zinc,  the 
gallium  oxide  is  dissolved  in  sulphuric  acid  and  reprecipitated  by 
excess  of  ammonia  ;  this  dissolves  all  the  zinc  oxide,  and  the  greater 
part  of  the  gallium  oxide,  which  may  be  reprecii^itated  by  boiling 
the  liquid  to  expel  the  free  ammonia. 

Metallic  gallium  is  obtained  by  electrolysing  a  solution  of  the 
oxide  in  potash  or  ammonia  with  platinum  electrodes,  the  gallium 
being  deposited  on  the  negative  plate  as  a  comijact,  closely-adhering 
crust,  which  may  be  detached  by  bending  the  plate  backwards  and 
forwards  under  cold  water. 
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Gallium  is  a  hard  metal  somewhat  whiter  than  platinum,  and 
acquires  a  good  polish  by  pressure  ;  it  is  sectile  and  somewhat 
malleable  ;  its  density  is  5-9,  which  is  intermediate  between  that 
of  aluminium  (2-7)  and  that  of  indium  (7'4).  Its  melting-point 
is  30 '1°,  so  that  it  liquefies  when  pressed  between  the  fingers  ;  fre- 
quently also  it  remains  liquid  for  a  long  time  even  when  cooled 
nearly  to  0°.  The  melted  metal  adheres  to  glass,  forming  a  mirror 
whiter  than  that  produced  by  mercnry.  When  heated  to  bright 
redness  in  contact  with  the  air,  it  oxidises  merely  on  the  surface,  and 
does  not  volatilise. 

Gallium  forms  a  very  bright  electric  spectrum,  exhibiting  a 
brilliant  line  and  a  fainter  band  in  the  violet.  In  a  gas-flame  only 
the  line  is  exhibited,  and  even  this  is  very  faint  and  fugitive.  It 
was  by  these  spectroscopic  characters  that  the  existence  of  gallium 
was  first  recognised. 

Gallium  chloride  is  very  soluble  and  deliquescent.  Its  aqueous 
solution  is  clear  when  highly  concentrated,  but  becomes  turbid  on 
addition  of  water  ;  the  precipitate  (probably  an  oxychloride)  dissolves 
but  very  slowly  in  hydrochloric  acid.  A  slightly  acidulated  solution 
of  the  chloride  evaporated  at  a  gentle  heat,  deposits  needles  which 
act  strongly  on  polarised  light.    The  sulphate  is  not  deliquescent. 

Gallium  forms  an  ammonia-alum,  which  crystallises  in  octahedrons 
like  common  alum  ;  it  dissolves  in  cold  water,  but  the  solution  be- 
comes turbid  on  boiling,  and  is  decomposed  by  heating  with  acetic 
acid.  The  existence  of  this  alum  shows  that  the  oxide  of  gallium  is 
represented  by  the  formula  GagOg,  and  its  chloride  by  GaClj. 

Solutions  of  gallium  salts  give  with  ammonium  sulphide  a  white 
precipitate  of  gallium  sulphide  insoluble  in  excess  of  the  reagent. 
The  same  precipitate  is  formed  by  hydrogen  sulphide  in  presence  of 
acetic,  but  not  of  hydrochloric  acid.  Ammonia  and  carbonate  of 
ammonia  give  white  precipitates  soluble  in  excess.  Slightly  acid 
solutions  of  the  chloride  and  sulphate  are  not  precipitated  in  the 
cold  by  ammonium  acetate;  but  the  neutral  solutions  are  clouded 
thereby.  Gallium  oxide  is  easily  precipitated  by  barium  carbonate, 
cupric  hydroxide,  and  potassium  ferrocrjanide,  the  last-mentioned  re- 
agent affording  an  extremely  delicate  test  of  its  presence. 

In  a  mixed  solution  of  gallium  and  aluminium,  the  latter  is  pre- 
cipitated before  the  gallium,  and  in  a  mixed  solution  of  gallium  and 
indium,  the  gallium  goes  down  first  ;  in  point  of  basicity,  therefore, 
gallium  is  intermediate  between  aluminium  and  indium. 

The  existence  of  a  metal  having  the  atomic  weight  and  properties  of 
gallium  was  predicted,  as  already  observed,  by  Mendelejeft"  (p.  271). 


INDIUM. 

Symbol,  In.    Atomic  Weight,  113. 

This  metal  was  first  discovered  in  1863  by  Reich  and  Richter,  in 
the  zinc-blende  of  Freiberg,  and  has  since  been  found  in  a  few  other 
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zinc-ores  and  in  the  flue-dust  of  zinc  furnaces.  The  metallic  sponge 
which  remains  when  the  crude  zinc  of  the  Freiberg  works  is  dis- 
solved in  dilute  sulphuric  acid,  contains  the  whole  of  the  indium 
(0'045  per  cent.),  together  with  lead,  arsenic,  cadmium,  and  iron. 
It  is  dissolved  in  nitric  acid ;  the  lead,  arsenic,  and  cadmium  are 
precipitated  by  hydrogen  sulphide ;  and  the  filtered  solution  is 
heated  with  potassium  chlorate  to  bring  all  the  iron  to  the  state  of 
ferric  salt,  and  then  treated  with  ammonia,  which  precipitates  the 
indium  as  a  liydroxide,  together  with  iron  and  zinc.  The  precipitate 
is  dissolved  in  acetic  acid  ;  and  the  indium,  precipitated  as  sulphide 
by  hydrogen  sulphide,  is  freed  from  traces  of  ii'on  and  zinc  by 
dissolving  the  precipitate  in  dilute  hydrochloric  acid,  precipitating 
the  indium  by  agitation  with  barium  carbonate,  dissolving  out  the 
indium  hydroxide  by  dilute  sulphuric  acid,  and  reprecipitating  with 
ammonia. 

Indium,  reduced  from  its  oxide  by  ignition  with  sodium,  is  a 
silver-white  metal,  soft  and  ductile,  has  a  density  of  7'421,  melts 
at  176°,  and  is  less  volatile  than  cadmium  or  zinc.  When  heated 
to  redness  in  the  air,  it  burns  with  a  violet  flame,  and  is  converted 
into  the  yellow  sesquioxide.  Heated  in  chlorine,  it  bums  with  a 
yellow-green  light,  and  forms  a  chloride,  which  sublimes  without 
fusion  at  an  incipient  red  heat,  in  soft  white  laminte. 

Indium  dissolves  in  the  strong  mineral  acids,  and  is  jirecipitated 
from  the  solutions  by  zinc  and  cadmium.  Hydrogen  sulphide  pre- 
cipitates it  completely,  as  a  yellow  sulphide,  from  a  solution  of  its 
acetate,  and  from  neutral  solutions  of  indium  salts  in  general,  but 
not  from  solutions  containing  excess  of  the  strong  mineral  acids. 
Ammonia  and  sodium  carbonate  produce  white  precipitates  insoluble 
in  excess  :  caustic  potash  or  soda  throws  down  white  indium  hydroxide 
soluble  in  excess  of  the  alkali.  Ammoniuvi  carbonate  forms  a  white 
precipitate  soluble  in  excess,  and  reprecipitated  on  boiling.  Barium 
carbonate  precij^itates  indium  completely. 

The  spectrum  of  indium  is  characterised  by  two  indigo-coloured 
lines,  one  very  bright  and  more  refrangible  than  the  blue  line  of 
strontium,  the  other  fainter  and  still  more  refrangible,  and  approach- 
ing the  blue  line  of  potassium.  It  was  the  observation  of  this 
peculiar  spectrum  that  led  to  the  discovery  of  the  metal. 

The  formulae  of  the  j^rincijjal  normal  indium  compounds  are  as 
follows  : — 

Chloride,  InC]^ 

Indium  and  ammonium  chloride,    .  2]SrH4Cl,IuCl3-fH20 
Yellow  oxide,  .....  luoOg 

Hydroxide,  InH^Oj 

Nitrate,  In(]^0;,)3 

Sulphate,  In./SOJg+gH^O. 

The  yellow  oxide,  heated  in  a  stream  of  hydrogen,  is  successively 
reduced  to  a  green,  a  grey,  and  a  black  oxide,  and  at  a  low  red  heat 
to  the  metallic  state. 
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METALS  OF  THE  IRON  GROUP. 


Manganese. 
Iron. 


Cobalt. 
Nickel. 


These  are  metals  of  very  liigh  melting-point,  and  are  all  attracted 
more  or  less  by  a  magnet.  Manganese  and  iron  are  somewhat  readily 
oxidised  when  heated  in  air  or  steam,  but  cobalt  and  nickel  decom- 
pose steam  only  slowly,  and  attack  hydrochloric  and  dilute  sulphuric 
acid  feebly.  They  all  combine  with  small  quantities  of  carbon  and 
of  silicon,  forming  alloys  which  are  harder  and  more  fusible  than  the 
pure  metals. 

These  metals  form  oxides,  MO,  in  which  they  are  bivalent, 
and  corresponding  sulphates,  which  unite  with  the  sulphates  of  the 
alkali-metals,  forming  double  sulphates  isomorphous  with  those  of 
the  magnesium  group,  e.g.,  K2Fe(S04)2 -f- GHjO.  Manganese  and 
iron  also  form  sesquioxides,  M2O3,  and  the  corresponding  sulphates, 
which,  like  aluminium  sulphate,  unite  with  sulphates  of  alkali-metals 
forming  alums  isomorphous  with  common  alum  ;  e.g.,  potassio-ferric 
sulphate,  KW'{QO^\  +  im.p,  or  Ko(Fe2)"(S04)4+24H20.  The 
corresponding  salts  of  nickel  and  cobalt  are  very  unstable,  and  hence 
the  sesquioxides  of  these  metals  dissolve  in  acids  with  evolution  of 
oxygen  or  chlorine.  Manganese  and  iron  likewise  form  salts  which 
may  be  supjDosed  to  contain  the  trioxides  MO3,  or  in  which  the 
metal  is  sexvalent,  analogous  therefore  in  composition  to  the  sulphates, 
e.g.,  potassium  ferrate,  ^^^qO^  or  K20,Fe03.  Lastly,  manganese  forms 
a  class  of  saltB,xh% permanganates, e.(jf.,KMu04  or KjOjMugO;., analogous 
in  composition  to  the  perchlorates,  and  isomorphous  therewith. 

The  valence  of  manganese  has  already  been  considered  (pp.  269,  270). 


Manganese  is  tolerably  abundant  in  nature  in  the  state  of  oxide, 
occurring  chiefly  as  dioxide  or  pyrolusite,  Mn02 ;  also  as  braunite, 
MugOa,  and  hausniannite,  MugO,,  ;  and  as  carbonate  in  rhodochrosite 
or  manganese  spar,  MnCOj,  which  also  occurs  frequently  as  an 
isomorphous  constituent  in  ferrous  carbonate  and  other  similar 
minerals.  Manganese  likewise  enters,  though  only  in  small  quantity, 
into  tlie  composition  of  many  other  minerals,  and  traces  of  it,  derived 
from  the  soil,  are  often  found  in  the  ashes  of  plants. 

Metallic  manganese,  or  perhaps  strictly,  manganese  carbonide,  may 
VOL.  I.  2  G  ' 


MANGANESE. 


Symbol,  Mn.    Atomic  weight,  54. 
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be  prepared  by  reducing  the  oxide  witli  charcoal  at  a  white  heat. 
The  metal  may  also  be  obtained  by  heating  the  anhydrous  chloride 
with  magnesium. 

Manganese  is  very  hard  and  brittle,  and,  when  powdered,  decom- 
poses water,  even  at  the  lowest  temperature.  Dilute  sulphuric 
acid  dissolves  it  with  great  energy,  evolving  hydrogen. 

Alloys  of  iron  with  relatively  large  quantities  of  manganese  and 
4  or  5  per  cent,  of  carbon  are  now  manufactured  by  reducing  in  the 
blast-furnace  (p.  478)  the  native  carbonate  or  oxide.  "  Spiegeleisen," 
or  mirror  iron,  is  a  name  applied  to  one  of  these,  the  broken  surface 
of  which  exhibits  large  crystalline  faces.  It  may  be  regarded  as  a 
kind  of  cast  iron  in  which  15  to  20  or  25  per  cent,  of  the  iron  is 
replaced  by  manganese.  Ferro-manganese  is  another  mixture  some- 
times containing  80  to  90  per  cent,  of  manganese.  These  mangani- 
ferous  alloys  are  extensively  used  in  steel-making. 

Manganese  Chlorides. — Manganoiis  CJiloride,  MnCIg,  may  be 
prepared  in  a  state  of  purity  from  the  dark-brown  liquid  residue 
of  the  preparation  of  chloride  from  manganese  dioxide  and 
hydrochloric  acid,  which  often  accumulates  in  the  laboratory  to 
a  considerable  extent ;  from  the  pure  chloride,  the  carbonate  and 
all  the  other  salts  can  be  conveniently  obtained. 

Experiment. — The  liquid  referred  to  consists  chiefly  of  the  mixed 
chlorides  of  manganese  and  iron  :  it  is  filtered,  evaporated  to 
perfect  dryness,  and  the  residue  is  slowly  heated  to  dull  redness 
in  an  open  vessel,  with  constant  stirring.  The  iron  chloride  is  thus 
either  volatilised,  or  converted  by  the  remaining  water  into  insoluble 
sesquioxide,  while  the  manganese  salt  is  unaffected.  On  treating 
the  greyish-looking  powder  thus  obtained  with  water,  the  manganese 
chloride  is  dissolved  out,  and  may  be  separated  by  filtration  from 
the  iron  oxide.  Should  a  trace  of  the  latter  yaX,  remain,  it  may 
be  got  rid  of  by  boiling  the  liquid  for  a  few  minutes  with  a  little 
manganese  carbonate.  The  solution  of  the  chloride  has  usually  a 
delicate  pink  colour,  which  becomes  very  manifest  when  the  salt 
is  evaporated  to  dryness.  A  strong  solution  deposits  rose-coloured 
tabular  crystals,  which  contain  4  molecules  of  water  ;  they  are  very 
soluble  and  deliquescent.  The  chloride  is  fusible  at  a  red  heat, 
is  decomposed  slightly  at  that  temperature  by  contact  with  air, 
and  is  dissolved  by  alcohol,  with  which  it  forms  a  crystullisable 
compound. 

Manganic  Chloride,  Mn.jClg,  is  formed  when  precipiti\ted  manganic 
oxide  is  immersed  in  cold  concentrated  hj'drochloric  acid,  the  oxide 
then  dissolving  quietly  without  evolution  of  gas.  Heat  decomposes 
the  solution,  yielding  manganous  chloride  and  I'ree  chlorine. 

The  Tetrachloride,  MnCl^,  is  formed  when  manganese  dioxide  is 
dissolved  in  hydrochloric  acid.  It  is  said  to  yield  a  green  solution 
in  ether,  but  it  is  very  easily  resolved  into  manganous  chloride  and 
free  chlorine. 

Oxychloride,  MnO^ClaC?). — When  potassium  permanganate  is  dis- 
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solved  in  strong  sulpliuric  acid,  and  fused  sodium  cliloride  is  added 
by  small  j^ortions  at  a  time,  a  greenisli-yellow  gas  is  given  off,  which 
condenses  at  0°  to  a  greenish -brown  liquid.  This  compound,  when 
exposed  to  moist  air,  gives  off  fumes,  coloured  purple  by  perman- 
ganic acid,  and  is  instantly  decomposed  by  water  into  permanganic 
and  hydrochloric  acids. 

Manganese  Oxides. — Manganese  forms  five  distinct  oxides,  as 
follows  : — 

Monoxide,  or  Manganous  oxide,       ....  MnO 

Trimaugano-tetroxide,  or  Manganoso-mangauic  oxide,  Mn304 

Sesquioxide,  or  Manganic  oxide,       ....  MujOg 

Dioxide  or  Peroxide,   MnOg 

Trioxide,   MnOj. 

The  first  and  third  of  these  are  the  salifiable  oxides  of  manganese. 
The  second  may  be  regarded  as  a  compoimd  of  the  first  and  third, 
MnO,Mn203 ;  there  are  also  several  oxides  intermediate  between  the 
monoxide  and  dioxide,  occurring  as  natural  minerals  or  ores  of 
manganese.  Manganese  likewise  forms  two  series  of  oxygen-salts, 
called  manganates  and  permanganates,  the  composition  of  which  has 
been  already  noticed.  The  trioxide  is  the  anhydride  of  manganic 
acid. 

Monoxide,  or  Manganous  Oxide,  MnO. — When  manganese  carbonate 
is  heated  in  a  stream  of  hydrogen  gas,  or  vaj)our  of  water,  carbon 
dioxide  is  disengaged,  and  a  greenish  powder  left  behind,  which  is 
the  monoxide.  Prepared  at  a  dull-red  heat  only,  the  monoxide  is 
so  prone  to  absorb  oxygen  from  the  air,  that  it  cannot  be  removed 
from  the  tube  without  change  ;  but  when  prepared  at  a  higher  tem- 
perature, it  appears  more  stable.  This  oxide  dissolves  quietly  in 
dilute  acids,  neutralising  them  completely,  and  forming  salts,  which 
have  often  a  beautiful  pink  colour,  and  are  isomorphous  with  salts 
of  magnesium  and  zinc.  When  alkalis  are  added  to  solutions  of 
these  compounds,  the  white  hydrate  first  precipitated  sj)eedily 
becomes  brown  by  passing  into  a  higher  state  of  oxidation. 

Hesquioxide,  or  Manganic  Oxide,  Mn^O^. — This  compound  occurs  in 
nature  as  braunite,  and  in  the  state  of  hydrate  as  manganite :  a  very 
beautiful  crystallised  variety  is  found  at  Ilel'eld,  in  the  Hartz.  It  is 
produced  artificially,  by  exposing  the  hydrated  monoxide  to  the  air, 
and  forms  the  principal  part  of  the  residue  left  in  the  iron  retort 
when  oxygen  gas  is  prepared  by  exposing  the  native  dioxide  to  a 
moderate  red  heat.  The  colour  of  the  sesquioxide  is  brown  or  black, 
according  to  its  origin  or  mode  of  preparation.  It  is  isomorphous 
with  alumina  :  for  when  gently  heated  with  diluted  sulphuric  acid, 
it  dissolves  to  a  red  liquid,  which,  on  the  addition  of  potassium  or 
ammonii;m  sulphate,  deposits  octahedral  crystals  having  a  constitu- 
tion similar  to  that  of  common  alum  ;  tliese  are,  however,  decom- 
posed by  water.  On  heating  this  oxide  with  hydrochloric  acid, 
chlorine  is  evolved,  as  with  the  dioxide,  but  in  smaller  amount. 
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Dioxide,  Peroxide  of  Manganese,  Mn02. — Pyrolusite,  the  most 
valuable  ore  of  manganese,  is  found  both  massive  and  crystallised. 
It  may  be  obtained  artificially  in  the  anhydrous  state  by  gently 
calcining  the  nitrate  ;  or  in  combination  with  water,  by  adding 
solution  of  bleaching-iDowder  to  a  salt  of  the  monoxide.  Llanganese 
dioxide  has  a  black  colour,  and  is  insoluble  in  water.  It  is  decom- 
posed by  hot  hydrochloric  acid  and  by  oil  of  vitriol  with  evolution  of 
chlorine  and  of  oxygen  respectively.  It  unites  with  the  alkaline 
oxides,  potash,  lime,  etc.,  forming  salts  called  manganites,  the  most 
important  of  whichis  the  manganite  of  calcium,  CaO.Mn02  orCaMn03, 
formed  in  Weldon's  process  for  the  recovery  of  manganese  dioxide 
from  waste  chlorine-liquors.  The  waste  liquor  obtained  in  the 
chlorine  manufacture  consists  of  a  solution  of  manganous  chloride, 
MnClj,  mixed  with  ferric  chloride,  Fe2C]g.  The  latter  is  removed  in 
the  form  of  hydrated  oxide  by  neutralising  the  liquid  with  chalk.  In 
order  to  recover  the  manganese  in  a  form  in  which  it  may  be  again 
available  for  the  production  of  chlorine,  the  clear  solution  drawn  off 
from  the  precipitated  peroxide  of  iron,  alumina,  etc.,  is  mixed  with 
milk  of  lime,  in  slight  excess,  the  temperature  slightly  raised,  and 
air  is  blown  throiigh  the  mixture  till  the  precipitate  becomes  black. 
This  is  then  allowed  to  settle  and  is  run  back  into  the  chlorine  stills 
in  the  form  of  a  thin  mud. 

The  proportion  of  real  dioxide  contained  in  a  commercial  samjile 
of  the  black  oxide  may  be  estimated  by  determining  the  quantity 
of  carbon  dioxide  evolved  on  gently  heating  a  weighed  quantity 
of  oxalic  acid,  C2H204'2H20,  with  strong  hydrochloric  acid  in  presence 
of  a  known  weight  of  the  manganese  ore.  The  following  reaction 
then  takes  place  : 

Mn02  -1-  C2H20i  -1-  2HC1  =  MnCL^  +  SH.p  +  SCOg. 

This  equation  shows  that  every  two  molecules  of  carbon  dioxide 
evolved  correspond  with  one  molecule  of  manganese  dioxide  decom- 
posed. Now  the  molecular  weight  of  this  oxide,  87,  is  so  nearly 
equal  to  twice  that  of  carbon  dioxide,  44,  that  the  loss  of  weight 
sufltered  by  the  apparatus  when  the  reaction  has  become  complete, 
and  the  residual  gas  has  been  driven  otf  by  momentary  ebullition, 
may  be  taken  to  rejaresent  the  quantity  of  real  dioxide  in  the  weight 
of  the  sample  taken  for  analysis.  Geissler's  apparatus  (]■>.  207)  may 
be  advantageously  used  in  this  process. 

Trimangano  -  tetroxide,  or  Red  Manganese  Oxide,  JIujO^,  or 
MnO,Mn203. — This  oxide  is  also  found  native,  as  hansmannite,  and 
is  produced  artificially  by  heating  the  dioxide  or  sesquioxide  to 
whiteness,  or  by  exposing  the  monoxide  or  carbonate  to  a  red  heat 
in  an  open  vessel.  It  is  a  reddish-brown  substance,  incapable  of 
forming  salts,  and  acted  upon  by  acids  in  the  same  manner  as  the  two 
other  oxides  already  described.  Borax  and  glass  in  the  fused  state 
dissolve  it,  and  acquire  the  colour  of  amethyst. 

Varvicite,  Mn.O^jHoO  or  MnO,3Mn0.2,H.,0,  is  a  natural  mineral 
discovered  by  Phillips  among  certain  specimens  of  manganese  ore 
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from  Warwicksliire  :  it  has  also  been  found  at  Ilefeld  in  the  Hartz. 
It  much  resembles  the  dioxide,  but  is  harder  and  more  brilliant.  By 
a  strong  heat,  varvicite  is  converted  into  red  oxide,  with  disengage- 
ment of  aqueous  vapour  and  oxygen  gas. 

Several  other  oxides  intermediate  in  composition  between  the 
monoxide  and  dioxide,  also  occur  native ;  they  are  probably  mere 
mixtures,  and  in  many  cases  the  monoxide  is  more  or  less  replaced  by 
the  corresponding  oxides  of  iron,  cobalt,  and  copper. 

The  Trioxide,  Mn03,  has  been  obtained  in  small  quantity  by  dis- 
solving potassium  permanganate  in  concentrated  sulphuric  acid,  and 
allowing  the  solution  to  fall  drop  by  drop  upon  dry  sodium  car- 
bonate placed  in  a  flask.  Red  clouds  are  formed,  which,  on  passing 
through  a  tube  filled  with  broken  glass  and  cooled  by  a  freezing 
mixture,  condense  to  a  red  deliquescent  solid.  The  formation  of  the 
trioxide  is  supposed  to  take  place  according  to  the  following  equa- 
tion, oxygen  and  carbon  dioxide  gases  escaping  : 

(Mn03)2S04  +  NagCOs  =  Na.SO^  4-  2MnO,  -1-  CO2  -F  0 . 

The  trioxide  is  decomposed  by  water  with  formation  of  perman- 
ganic acid  and  manganese  dioxide  : 

3Mn03  +  H2O  =  SHMnO^  -1-  MnOg. 
(Thorpe  and  HamWy,  1888.) 

Oxysalts  of  Manganese. — Manganous  Sulp  ha  te,  MnSOjjVHgO 
or  MnOjSOgjTHgO. — A  beautiful  rose-coloured  and  very  soluble  salt, 
isomorphous  with  magnesium  sulphate.  It  is  prepared  on  the  large 
scale  for  the  use  of  the  dyer,  by  heating  in  a  close  vessel  manganese 
dioxide  and  coal,  and  dissolving  the  impure  monoxide  thus  obtained 
in  sulphuric  acid,  with  addition  of  a  little  hydrochloric  acid  towards 
the  end  of  the  process.  The  solution  is  evaporated  to  dryness,  and 
again  exposed  to  a  red  heat,  by  which  ferric  sulphate  is  decomposed. 
Water  then  dissolves  out  the  pure  manganese  suljAate,  leaving  ferric 
oxide  behind.  This  salt  is  used  to  produce  a  permanent  brown  dye, 
the  cloth  steeped  in  the  solution  being  afterwards  passed  through 
a  solution  of  bleaching-powder,  by  which  the  monoxide  is  changed 
to  insoluble  hydrated  dioxide.  Manganous  sulphate  sometimes 
crystallises  with  5  molecules  of  water.  It  forms  a  double  salt  with 
potassium  sulphate,  containing  MnKa(S04)2,6H20. 

M ancjanous  Carbonate,  MnCO.. —Prepared  by  precipitat- 
ing the  dichloridc  with  an  alkaline  carbonate.  It  is '  an  insoluble 
white  powder,  sometimes  with  a  buff-coloured  tint.  Exposed  to 
heat,  it  loses  carbon  dioxide  and  absorbs  oxygen. 

Manganates. — When  an  oxide  of  manganese  is  fused  with  potash, 
oxygen  is  taken  up  from  the  air,  and  a  deep-greon  saline  mass 
results,  which  contains  potassium  manrjanate,  K.MnO,!.  The  addition 
of  potassium  nitrate  or  chlorate  facilitates  the  "reaction.  Water  dis- 
solves this  compound  very  readily,  and  the  solution,  concentrated  by 
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evaporation  in  a  vacuum,  yields  green  crystals.  Barium  'inanganate, 
BaMnO^,  is  formed  in  a  similar  manner.  In  these  salts  manganese 
is  probably  sexvalent,  like  chromium  in  the  chromates. 

All  the  manganates  are  very  unstable,  being  deoxidised  by  contact 
with  all  sorts  of  organic  matter  and  decomposed  by  acids,  even  hy 
carbonic  acid. 

Permanganates. — When  potassium  manganate,  free  from  anj* 
great  excess  of  alkali,  is  put  into  a  large  quantity  of  water,  it  is 
resolved  into  hydrated  manganese  dioxide,  which  subsides,  and 
potassium  permanganate,  KgMnoOg  or  K20,Mn207,  which  remains  in 
solution,  forming  a  deep-purple  liquid 

SKgMnOi  +  2H2O  =  MnO^  +  K2^in208  +  4KH0. 

This  effect  is  accelerated  by  heat.  The  curious  changes  of  colour 
accompanying  this  decomposition  procured  for  the  manganate  the 
name  mineral  chameleon ;  excess  of  alkali  hinders  the  reaction  in  some 
measure,  by  conferring  greater  stability  on  the  manganate.  Potas- 
sium permanganate  is  easily  prepared  on  a  considerable  scale.  Equal 
parts  of  very  hnely  powdered  manganese  dioxide  and  potassium  chlo- 
rate are  mixed  with  rather  more  than  1  part  of  potassium  hydroxide 
dissolved  in  a  little  water,  and  the  whole  is  exposed,  after  evapora- 
tion to  dryness,  to  a  temperature  just  short  of  ignition.  The  mass  is 
treated  with  hot  water,  the  insoluble  oxide  separated  by  decantation, 
and  the  deep-purple  liquid  concentrated  by  heat,  until  crystals  form 
upon  its  surface  :  it  is  then  left  to  cool.  The  crystals  have  a  dark- 
purple  colour,  and  are  not  very  soluble  in  cold  water.  The  manga- 
nates and  permanganates  are  deconiiiosed  by  contact  with  organic 
matter.  The  green  and  red  disinfecting  agents,  known  as  Condy's 
fluids,  are  alkaline  manganates  and  permanganates. 

Hijdrogen  Permanganate,  or  Permanganic  Acid,  Ho^IuoOj,  or  more 
probably  permanganic  anhydride,  MngO-  is  obtained  by  dissolving 
potassium  permanganate  in  hydrogen  sulphate,  H2SO4,  diluted  with 
1  molecule  of  water,  and  distilling  the  solution  at  60°-70°.  Perman- 
ganic acid  then  passes  over  in  violet  vapours,  and  condenses  to  a 
greenish-black  liquid,  Mdiicli  has  a  metallic  lustre,  absorbs  moisture 
greedily  from  the  air,  and  acts  as  a  most  powerful  oxidising  agent, 
instantly  setting  fire  to  paper  and  to  alcohol. 


Reactions  of  Manganous  Salts. — The  Jhxd  caudic  alkalis  and 
ammonia  give  wliite  precipitates,  insoluble  in  excess,  quickly  becom- 
ing brown.  Potassium  and  sodium  carho>iates  and  ammonium 
carbonate  give  white  precipitates,  but  little  subject  to  change,  and 
insoluble  in  excess  of  ammonium  carbonate.  Hiidrogcn  sulpliidc 
gives  no  precipitate,  but  ammonium  sulphide  throws  down  insoluble 
llesh-coloured  sulphide  of  manganese,  which  is  very  characteristic. 
Potassium  ferrocyanidc  gives  a  M-liite  precipitate. 


IRON. 


471 


An  excellent  and  characteristic  test  for  small  quantities  of  manga- 
nese is  based  upon  the  production  of  permanganic  acid  :  the  solution 
to  be  tested  is  mixed  with  strong  nitric  acid  and  boiled  with  a  little 
red  lead.  If  manganese  is  present  a  piiiJc  colour  will  be  seen  in  the 
solution  after  the  precipitate  has  subsided. 

Manganese  is  also  easily  detected  by  the  blow-pipe  :  it  gives  with 
borax  an  amethyst-coloured  bead  in  the  outer  or  oxidising  flame, 
and  a  colourless  bead  in  the  inner  flame.  Heated  upon  platinum 
foil  with  sodium  carbonate,  it  yields  a  green  mass  of  sodium  man- 
ganate. 


IRON. 

Symbol,  Fe  (Ferrum).   Atomic  weight,  56. 

This  is  the  most  important  of  all  the  metals  :  there  are  few  sub- 
stances to  which  it  yields  in  interest,  when  we  consider  how  very 
intimately  the  knowledge  of  its  properties  and  uses  is  connected  with 
human  civilisation. 

Metallic  iron  occurs  but  rarely  on  the  earth,  being  found  only  in 
minute  quantity  in  basalts  and  other  volcanic  rocks.  It  also  enters 
into  the  composition  of  many  meteorites.  Isolated  masses  of  soft 
malleable  iron  also,  of  large  dimensions,  lie  loose  upon  the  surface  of 
the  earth  in  South  America,  Greenland,  and  elsewhere,  and  are  by 
some  presumed  to  have  had  a  similar  origin  :  these  latter  in  common 
with  the  iron  of  the  undoubted  meteorites,  contain  nickel.  In  the  state 
of  oxide,  the  presence  of  iron  may  be  said  to  be  universal :  it  con- 
stitutes a  great  part  of  the  common  colouring  matter  of  rocks  and 
soils  :  it  is  contained  in  plants,  and  forms  an  essential  component  of 
the  blood  of  the  animal  body.  It  is  also  very  common  in  the  state 
of  bisulphide  or  iron  pyrites. 

Pure  iron  may  be  prepared,  according  to  Mitscherlich,  by  intro- 
ducing into  a  Hessian  crucible  4  parts  of  fine  iron  wire  cut  small, 
and  1  part  of  black  iron  oxide.  This  is  covered  with  a  mixture  of 
white  sand,  lime,  and  potassium  carbonate,  in  the  proportions  used 
for  glass-making,  and  a  cover  being  closely  applied,  the  crucible  is 
exposed  to  a  very  high  temperature.  A  button  of  pure  metal  is  thus 
obtained,  the  traces  of  carbon  and  silicon  present  in  the  wire  having 
been  removed  by  the  oxygen  of  the  oxide. 

Pure  iron  has  a  white  colour  and  perfect  lustre  :  it  is  extremely 
soft  and  tough,  and  has  a  density  7'8.  Its  crystalline  form  is 
probably  the  cube,  to  judge  from  appearances  occasionally  exhibited. 
In  good  bar-iron  or  wire,  a  distinct  fibrous  texture  may  always  be 
observed  when  the  metal  has  been  attacked  by  rusting  or  by  the 
application  of  an  acid  ;  and  upon  the  perfection  of  this  fibre  much 
of  its  strengtli  is  supposed  to  depend.  Iron  is  the  most  tenacious  of 
all  the  metals,  a  wire  7^;^  of  an  inch  in  diameter  bearing  a  weiglit  of 
60  lbs.    It  is  very  ditKcult  of  fusion,  and  before  becoming  liquid 
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passes  through  a  soft  or  pasty  condition.  Pieces  of  iron,  pressed  or 
hammered  together  in  this  state,  cohere  into  a  single  mass  :  this 
operation,  termed  welding,  is  usually  performed  hy  sprinkling  a 
little  sand  over  the  heated  metal,  which  combines  with  the  super- 
ficial film  of  oxide,  forming  a  fusible  silicate,  which  is  subsequently 
forced  out  from  between  the  pieces  of  iron  by  the  pressure  applied  : 
clean  surfaces  of  metal  are  thus  presented  to  each  other,  and  union 
takes  place  without  difficulty. 

Iron  does  not  oxidise  in  dry  air  at  common  temperatures  ;  heated 
to  redness,  it  becomes  covered  with  a  scaly  coating  of  black  oxide, 
and  at  a  white  heat  burns  brilliantly,  producing  the  same  substance. 
In  oxygen  gas  the  combustion  occurs  with  stUl  greater  ease.  The 
finely-divided  spongy  metal  prepared  by  reducing  the  red  oxide  with 
hydrogen  gas,  takes  fire  spontaneously  in  the  air.  Pure  water,  free 
from  air  and  carbonic  acid,  does  not  tarnish  a  surface  of  polished 
iron,  but  the  combined  agency  of  free  oxygen  and  moisture  speedily 
leads  to  the  production  of  rust,  which  is  a  hydrate  of  the  sesquioxide. 
The  rusting  of  iron  is  wonderfully  promoted  by  the  presence  of  a 
little  acid  vai^our.  At  a  red  heat,  iron  decomposes  water,  evolving 
hydrogen,  and  passing  into  the  black  oxide.  Dilute  sulphuric  and 
hydrochloric  acids  dissolve  it  freely,  with  separation  of  hydrogen. 
Iron  is  strongly  magnetic  up  to  a  red  heat,  but  at  that  temperature 
it  loses  all  traces  of  magnetism. 

Iron  forms  two  classes  of  compounds :  namely,  the  ferrous 
compounds,  and  the  ferric  c  o  m  ^3  o  u  n  d  s,  in  which,  like  alumi- 
nium, it  may  be  regarded  either  as  a  triad  or  a  tetrad  :  ferric  chlo- 
ride, for  example,  may  be  either  FeClg  or  FenClg  ;  the  vapour-density 
of  this  comj)ound,  as  determined  by  Deville,  is  in  favour  of  the 
latter  formula.  The  lower  vapour-density,  observed  more  recently 
by  Griinewald  and  Meyer,  was  attended  by  evolution  of  chlorine. 
It  remains  at  present  doubtful  whether  ferric  chloride  is  dissociated 
like  aluminium  chloride. 

The  ferrous  compounds  are  usually  represented  for  the  sake  of 
simplicity  by  the  formulte  FeO,  FeClj,  FeS04,  etc.,  in  which  the 
metal  is  bivalent  ;  but  from  Meyer's  experiments  on  the  vapour- 
density  of  ferrous  chloride  there  can  be  little  doubt  that  the  mole- 
cule at  low  temperatures  contains  Fe^Cl^. 

Chlorides. — Ferrous  Chloride,  Fe^Clj  or  FeCL,  is  formed  by  trans- 
mitting dry  hydrochloric  acid  gas  over  red-hot  metallic  iron,  or  by 
dissolving  iron  in  hydrochloric  acid.  The  latter  solution  yields, 
when  duly  concentrated,  green  crystals  of  the  hydrated  chloride, 
FeCl2,4H20  ;  they  are  very  soluble  and  deliquescent,  and  oxidise 
rapidly  in  the  air. 

Ferric  Chloride,  FcjC],,  or  FeCl^,  may  be  prepared  by  dissolving 
ferric  oxide  in  hydrochloric  acid.  The  solution,  evaporated  to  a 
syruijy  consistence,  deposits  red  liydratcd  crystals,  wliicli  are  very 
soluble  in  water  and  alcohol.  It  forms  double  salts  with  potassium 
chloride  and  sal-ammoniac.     When  evaporated  to  dryness  and 
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strongly  heated,  mucli  of  the  chloride  is  decomposed,  yielding  sesqui- 
oxide  and  hydrochloric  acid :  the  remainder  sublimes,  and  afterwards 
condenses  in  the  form  of  small  brilliant  dark-green  crystals,  which 
deUqnesce  in  the  air  rapidly.  Anhydrous  ferric  chloride  is  also 
produced  by  the  action  of  chlorine  upon  the  heated  metal.  The 
solution  of  ferric  chloride  is  capable  of  dissolving  a  large  excess  of 
recently  precipitated  ferric  hydroxide,  by  which  it  acquires  a  much 
darker  colour. 

Experiments. — 1.  Fit  np  the  apparatus  (p.  95)  for  the  preparation 
of  chlorine,  adapt  to  the  tube  by  which  the  gas  is  carried  off  a  small 
Woulff  bottle  containing  a  half-inch  stratum  of  oil  of  vitriol,  and  to 
this  bottle  fit  a  piece  of  "combustion"  tube  8  or  10  inches  long. 
Place  in  the  tube,  near  its  connection  with  the  chlorine  apparatus,  a 
coil  of  thin  iron  wire.  Now  generate  a  pretty  rapid  stream  of 
chlorine  in  the  usual  manner,  and  at  the  same  time  heat  the  wire  by 
means  of  a  Bunsen  flame.  As  soon  as  pure  chlorine  begins  to  pass 
through  tlie  iron  will  become  red-hot,  and  will  yield  a  dark-green 
sublimate  of  ferric  chloride,  which  will  be  deposited  in  the  cool  part 
of  the  tube.  The  experiment  must  be  made  in  a  draught  chamber. 
When  the  iron  is  completely  converted,  the  chloride  may  be  dis- 
solved in  water  and  the  yellow  solution  kept  for  use. 

2.  Dissolve,  with  the  aid  of  heat,  about  10  grams  of  iron  wire  in 
30  c.c.  of  strong  hydrochloric  acid,  diluted  with  a  little  water  placed 
in  a  flask.  Pour  off  half  the  solution  into  a  dish,  and  evaporate 
rapidly  till  the  liquid  is  reduced  to  about  a  third.  Pour  the  strong 
solution  into  a  beaker,  and  cover  it  to  exclude  the  aii'.  Green 
crystals  of  ferrous  chloride  will  be  deposited. 

3.  Add  to  the  remainder  of  the  solution  of  ferrous  chloride  a  little 
more  hydrochloric  acid,  heat  it  to  boiling,  and  drop  in  a  small 
quantity  of  nitric  acid,  added  drop  by  drop,  till  dark  coloration  is  no 
longer  observed,  and  the  efl'ervescence  ceases.  Evaporate  the  result- 
ing solution  to  a  syrupy  consistence,  and  leave  it  to  cool.  Crystals 
of  hydrated  ferric  chloride,  FegClg.eHjO,  will  be  formed. 

4.  To  a  portion  of  the  solution  of  ferrous  chloride  add  excess  of 
solution  of  ammonia.  A  pale-green  precipitate  of  ferrous  hydroxide  is 
formed,  which  rapidly  darkens  and  becomes  rusty  on  exposure  to  air. 

5.  To  a  portion  of  the  ferric  chloride  solution  add  excess  of 
ammonia.    A  brown  precipitate  of  ferric  hydroxide  results. 

Iodides. — Ferrous  Iodide,  Fcgl,!  or  Felj,  is  an  important  medicinal 
preparation  :  it  is  easily  made  by  digesting  iodine  with  water  and 
metallic  iron.  The  solution  is  pale-green,  and  yields,  on  evapora- 
tion, crystals  resembling  those  of  the  chloride,  which  rapidly  oxidise 
on  exposure  to  air.  It  is  best  preserved  in  solution  in  contact  with 
excess  of  iron.— Ferric  Iodide,  Fcglo,  is  known  only  in  the  yellowish- 
red  solution. 

Iron  Oxides  and  Oxy salts. — Three  oxides  of  iron  are 
jcnown,  namely,  ferrous  oxide,  FeO,  and  ferric  oxide,  FcgO^,  ana- 
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logous  to  the  chlorides,  and  an  intermediate  oxide,  usually  called 
magnetic  iron  oxide,  containing  Fe304  or  FeO'FegOg.  A  trioxide, 
FeOg,  may  be  sujiposed  to  exist  in  the  ferrates,  but  it  has  not  been 
isolated. 

Ferrous  Oxide,  Fe202  or  FeO. — This  oxide  is  isomorpbous  with 
magnesia,  zinc  oxide,  etc.  It  is  almost  unknown  in  the  separate 
state,  from  the  extreme  proneness  to  absorb  oxygen  and  pass  into  the 
sesquioxide.  When  a  ferrous  salt  is  mixed  with  caustic  alkali  or 
ammonia,  a  bulky  whitish  precijDitate  of  ferrous  hydroxide  falls, 
which  becomes  anhydrous  and  nearly  black  when  boiled.  This 
hydroxide  changes  very  rapidly  when  exposed  to  the  air,  becoming 
green  and  ultimately  red-brown.  The  soluble  feri'ous  salts  have 
commonly  a  delicate  pale-green  colour  and  a  nauseous  metallic  taste. 

Sesquioxide,  or  Ferric  Oxide,  Fe203. — Ferric  oxide  is  isomorphous 
with  alumina.  It  occurs  native,  most  beautifully  crystallised  as 
specvdar  iron  ore,  in  the  island  of  Elba,  and  elsewhere ;  also  as 
red  and  brown  hcematite,  the  latter  being  a  hydrate.  The  two 
chief  varieties  of  brown  haematite  are  called  respectively  goethite, 
Fe203.H20,  and  limonite,  which  is  more  important,  2Fe203.3H20. 
Ferric  oxide  is  artificially  prepared  by  precipitating  a  solution  of  ferric 
sulphate  or  chloride  with  excess  of  ammonia,  and  washing,  drying, 
and  igniting  the  brown  hydrate,  thus  produced  :  fixed  alkali  should 
not  be  used  in  this  operation,  as  a  portion  is  retained  by  the  oxide. 
In  fine  jDowder,  this  oxide  has  a  full  red  colour,  and  is  used  as  a 
pigment,  being  prepared  for  that  purpose  by  calcination  of  ferrous 
sulphate  ;  the  tint  varies  somewhat  with  the  temperature  to  which 
it  has  been  exposed.  It  is  also  much  used  for  polishing  glass  and 
metals.  The  oxide  is  unaltered  in  the  fire,  although  easily  reduced 
at  a  high  temperature  by  carbon  or  hydrogen.  It  dissolves  in  acids, 
with  difficulty  after  strong  ignition,  forming  a  series  of  reddish  salts, 
which  have  an  acid  reaction  and  an  astringent  taste.  The  ordinary 
form  of  ferric  oxide  is  not  acted  upon  by  the  magnet,  but  a  magnetic 
variety  may  be  obtained  by  oxidising  the  black  oxide  hy  fusion 
with  nitre  at  a  moderate  temperature. 

Ferroso-ferric  Oxide,  Fe^O^  =  FeOjYe^O^,  also  called  black  iron  oxide, 
or  magiietic  oxide,  occurs  as  a  natural  product,  loadstone,  one  of  the 
most  valuable  of  the  iron-ores,  and  is  often  found  in  regular  octa- 
hedral crystals,  which  are  magnetic.  It  may  be  prepared  by  mixing 
due  proportions  of  ferrous  and  ferric  salts,  precipitating  them  with 
excess  of  alkali,  and  then  boiling  the  mixed  hydroxides  ;  the  latter 
then  unite  to  a  black  sandy  substance,  consisting  of  minute  crystals 
of  the  magnetic  oxide.  This  oxide  is  the  chief  product  of  the  oxida- 
tion of  iron  at  a  high  temperature  in  the  air  and  in  aqueous  vapour. 

Fer  r  a  t  e s. — When  a  mixture  of  one  part  of  pure  ferric  oxide  and 
four  parts  of  dry  nitre  is  heated  to  full  redness  in  a  covered  crucible, 
and  the  resulting  brown,  porous,  deliquescent  mass  is  treated  when 
cold  with  ice-cold  water,  a  deep  amethystine-red  solution  of  potassium 
ferrate  is  obtained.  The  same  salt  may  be  more  easily  prepared  by 
passing  chlorine  gas  through  a  strong  solution  of  potash  iu  wliich 


IRON, 


475 


recently  precipitated  ferric  hydroxide  Is  suspended ;  it  is  then 
deposited  as  a  black  powder,  which  may  be  drained  upon  a  tile.  It 
consists  of  K2Fe04  or  KaOjFeOg,  and  is  therefore  analogous  in  com- 
position to  the  sulphate  and  chromate  of  potassium.  The  solution  of 
this  salt  gradually  decomposes,  even  in  the  cold,  and  rapidly  when 
heated,  giving  off  oxygen  and  depositing  sesquioxide.  The  solution 
of  potassium  ferrate  gives  no  precipitate  with  salts  of  calcium,  mag- 
nesium, or  strontium,  but  when  mixed  with  a  barium  salt,  it  yields  a 
deep  crimson,  insoluble  barium  ferrate,  BaFe04  or  BaO,Fe03,  which 
is  permanent.  Neither  the  hydrogen-salt,  ferric  acid,  HgFeO^,  nor 
the  corresponding  anhydrous  oxide,  FeOg,  is  known  in  the  separate 
state. 

Ferrous  Sulphate,  FeS04,7H20. — This  beautiful  and  im- 
portant salt,  commonly  called  green  vitriol,  iron  vitriol,  or  copperas, 
may  be  obtained  by  dissolving  iron  in  dilute  sulphuric  acid  :  it  is 
generally  prepared,  however,  and  on  a  very  large  scale,  by  contact  of 
air  and  moisture  with  common  iron  pyrites,  which  readily  absorb 
oxygen.  Heaps  of  this  material  are  exposed  to  the  air  until  the 
decomposition  is  sufficiently  advanced :  the  salt  produced  is  then 
dissolved  out  by  water,  and  the  solution  is  left  to  crystallise.  It 
forms  large  green  crystals,  which  slowly  effloresce  and  oxidise 
in  the  air :  it  is  soluble  in  about  twice  its  weight  of  cold  water. 
Crystals  containing  4  and  also  2  molecules  of  water  have  been 
obtained.  Ferrous  sulphate  forms  double  salts  with  the  sul- 
phates of  potassium  and  ammonium,  containing  FeK2(S04)2,6H20 
and  Fe(NH4)2(S04)2,6H20,  isomorphous  with  the  corresponding 
magnesium  salts. 

Ferric  Sulphat  e,  Fe2(S04)3,  is  prepared  by  adding  to  a  solu- 
tion of  the  ferrous  salt  exactly  one-half  as  much  sulphuric  acid  as 
it  already  contains,  raising  the  liquid  to  the  boiling-point,  and  then 
dropping  in  nitric  acid  until  the  solution  ceases  to  blacken  by  such 
addition.  The  red  liquid  thus  obtained  furnishes  on  evaporation 
to  dryness  a  buff-coloured  amorphous  mass,  which  dissolves  very 
slowly  when  put  into  water.  With  the  sulphates  of  potassium 
and  ammonium,  this  salt  yields  compounds  having  the  form  and 
constitution  of  alums  ;  the  potassium  salt,  for  example,  has  the  com- 
position Fe"'K(S04)2,12H20  or  K2S04.Fe2(S04)3.24H20.  The  crystals 
are  nearly  colourless  ;  they  are  decomposed  by  water,  and  sometimes 
by  long  keeping  in  the  dry  state.  These  irou-alums  are  best  pre- 
pared by  exposing  to  spontaneous  evaporation  a  solution  of  ferric 
sulphate  to  which  potassium  or  ammonium  sulphate  has  been  added. 

Ferrous  Nitrate,  Fe(NO.,)2.6H20.— When  dilute  cold  nitric 
acid  is  made  to  act  to  saturation  upon  iron  monosulphide,  and  the 
solution  is  evaporated  in  a  vacuum,  pale-green  and  very  soluble 
crystals  of  ferrous  nitrate  are  obtained,  wliich  are  very  subject  to 
alteration.    Ferric  nitrate  is  readily  formed  by  dissolving  iron  in 
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excess  of  fstroiig  nitric  acid,  slightly  diluted,  upon  iron  ;  a  deep-red 
liquid  is  obtained,  apt  to  deposit  an  insoluble  basic  salt,  and  is  used 
in  dyeing.  The  salt  crystallises  in  pale-coloured  prisms  which  are 
said  to  have  the  composition  re(N03)^6HjjO. 

Ferrous  Carbonate  is  obtained  as  a  whitish  precipitate,  prob- 
ably an  oxysalt,  on  mixing  solutions  of  ferrous  salt  and  alkaline 
carbonate  :  it  cannot  be  washed  and  dried  without  losing  carbonic 
acid  and  absorbing  oxygen.  This  compound  occurs  in  nature  as 
spathose  iron  ore,  iron  spar,  or  chalyhite,  associated  with  variable  quan- 
tities of  calcium  and  magnesium  carbonates ;  also  in  the  common 
clay  iron  stone,  and  black  band  ironstone,  from  which  nearly  all  the 
British  iron  is  made.  It  is  often  found  in  mineral  waters,  being 
soluble  in  excess  of  carbonic  acid  :  such  waters  are  known  by  the 
rusty  matter  they  deposit  on  exposure  to  the  air.  No  ferric  carbon- 
ate is  known. 

Ferrous  Plio sp hate  occurs  native  as  vivianite,  Fe3(P04)2.8H20, 
and  is  obtainable  as  a  slate-blue  precipitate  on  mixing  solutions  of 
ferrous  sulphate  and  sodium  phosphate. 

Ferric  Phosphate,  Fe2(P04)2  or  FePO^,  forms  the  white  pre- 
ciintate  procured  by  mixing  a  ferric  salt  witli  a  soluble  phosjDhate. 

Iron  Sulphides. — Several  compounds  of  iron  and  sulphur  are 
known  :  of  these  the  two  most  important  are  the  following.  The 
monosulphide,  or  ferrous  s^ilphide,  FeS,  is  a  blackish  brittle  substance, 
attracted  by  the  magnet,  formed  by  heating  together  iron  and 
sulphur.  It  is  dissolved  by  dilute  acids,  with  evolution  of  sulphur- 
etted hydrogen  gas,  and  is  constantly  employed  for  that  purpose  in 
the  laboratory,  being  made  by  projecting  into  a  red-hot  crucible  a 
mixture  of  2^  parts  of  sulphur  and  4  parts  of  iron  filings  or  borings 
of  cast-iron,  and  excluding  the  air  as  much  as  possible.  The  same 
substance  is  formed  when  a  bar  of  white-hot  iron  is  brought  into 
contact  with  sulphur.  The  hisulpMde,  FeSg,  or  iron  pyrites,  is  a 
natural  product,  occurring  in  rocks  of  all  ages,  and  evidently  formed 
in  many  cases  by  the  gradual  deoxidation  of  ferrous  sulphate  by 
organic  matter.  It  has  a  brass-yellow  colour,  is  very  hard,  not 
attracted  by  the  magnet,  and  not  acted  upon  by  dilute  acids.  When 
it  is  exi^osed  to  heat  sulphur  is  expelled,  and  an  intermediate  sul- 
phide, Fe3S,,  analogous  to  the  black  oxide,  is  produced.  This  latter 
substance  also  occurs  native,  under  the  name  of  mafjitetic  jnjrites. 
Iron  pyrites  is  the  material  now  chiefly  employed  for  the  manu- 
facture of  sulphuric  acid  ;  for  this  purpose  the  mineral  is  roasted 
in  a  current  of  air,  and  the  sulphurous  oxide  formed  is  passed  into  the 
lead  chambers  ;  the  residue  consists  of  ferric  oxide,  frequently  con- 
taining a  quantity  of  copper  large  enough  to  render  the  extraction  of 
tliat  metal  remunerative. 

Compounds  of  ii-on  with  2^J'Osphon(.<>,  rarhoii,  and  silicon  exist,  but 
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little  is  known  respecting  them  in  a  definite  state.  The  caibonide 
is  contained  in  cast  iron  and  in  steel,  to  which  it  communicates 
ready  fusibility  ;  the  silicon-comijound  is  also  found  in  cast  iron. 
Phosphorus  is  a  very  hurtful  substance  in  bar  iron,  rendering  it 
brittle  or  cold-short. 

Keactions  of  Iron  Salts. — Ferrous  salts  are  thus  distin- 
guished. 

Caustic  alkalis  and  commonia,  give  nearly  white  precipitates,  in- 
soluble in  excess  of  the  reagent,  rapidly  becoming  green,  and 
ultimately  brown,  by  exposure  to  air.  The  carbonates  of  potassium, 
sodium,  and  ammonium  throw  down  whitish  ferrous  carbonate,  also 
very  subject  to  change.  Hydror/en  sulphide  gives  no  precipitate,  but 
ammonium  suljyhide  throws  down  black  ferrous  sulphide,  soluble  in 
dilute  acids.  Potassium  ferrocyanide  gives  a  nearly  white  precipitate, 
becoming  deep-blue  on  exposure  to  air  :  the  ferricyanide  gives  at 
once  a  deep-bhie  precipitate. 

Ferric  salts  are  thus  characterised  : 

Caustic  fixed  alkalis  and  ammonia  give  foxy-red  precipitates  of 
ferric  hydrate,  insoluble  in  excess.  The  carbonates  behave  in  a 
similar  manner,  carbon  dioxide  escaping.  Hydrogen  sulphide  gives  a 
nearly  white  precipitate  of  sulijhur,  and  reduces  the  ferric  to  ferrous 
salt.  Ammonium  sulphide  gives  a  black  precipitate  of  ferrous  sul- 
phide mixed  with  sulphur.  Potassium  ferrocyanide  yields  Prussian 
blue.  Potassium  thiocyanate  gives  an  intense  orange-red  solution, 
the  production  of  which  is  perhaps  the  most  delicate  test  for  iron  in 
the  ferric  state.  Tincture  or  infusion  of  (jall  nuts  or  solution  of  tannin 
strikes  a  deep  bluish-black  with  dilute  solutions  of  ferric  salts. 

Iron  Manufactui'e. — This  important  industry  may  be  regarded 
as  yielding  three  distinct  products — namely,  cast  iron,  wrought  or 
malleable  iron,  and  steel — each  of  which  presents  characters  quite 
distinct  from  those  of  the  other  two. 

The  minerals  which  are  available  as  ores  for  the  extraction  of 
metallic  iron  consist  either  of  oxide  or  carbonate,  and  of  each  there 
are  several  varieties.  The  more  important  of  these  have  already 
been  described  in  the  preceding  pages,  and  it  will  now  be  sufficient 
to  say  that  in  this  country  by  far  the  larger  proportion  of  iron  is 
made  from  the  carbonate  in  the  form  of  clay-iron  stone  olDtained 
from  the  coal  measures,  and,  in  the  Cleveland  district,  from  the  lias 
formation. 

Clay-iron  ore  (in  Staffordshire,  South  Wales,  and  in  Scotland)  is 
found  in  association  with  coal,  forming  thin  Ijeds  or  nodules  :  it 
consists,  as  already  mentioned,  of  ferrous  carbonate  mixed  with 
clay  :  sometimes  lime  and  magnesia  are  also  present.  It  is  broken 
in  pieces,  and  exposed  to  heat  in  a  furnace  reseml)ling  a  lime-kiln, 
by  which  the  water  and  carbon  dioxide  are  expelled,  and  the  ore  is 
rendered  dark-coloured,  denser,  and  magnetic  :  it  is  then  ready  for 
reduction.    The  furnace  in  which  this  operation  is  performed  is 
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Fig.  138. 


usually  of  very  large  diineiisions,  50  feet  or  more  in  height,  and 
constructed  of  very  solid  brickwork,  inclosed  in  an  outer  jacket  of 
iron  plates,  the  interior  being  lined  with  excellent  fire-bricks.  A 
general  idea  of  the  shape  may  be  gained  from  the  section  shown  in 
fig.  138,  which  represents  a  modern  Cleveland  furnace  85  feet  high, 

having  at  the  top  the  cup  and  cone 
arrangement,  by  which  the  mate- 
rials are  introduced,  and  a  wide 
pipe  by  which  the  gases  produced 
within  the  furnace  can  be  con- 
veyed away,  and  turned  to  account 
either  for  heating  steam-boilers 
or  for  heating  the  air-blast  as  ex- 
plained further  on.  The  furnace 
is  closed  at  the  bottom,  the  fire 
being  maintained  by  a  powerful 
artificial  blast  introduced  by  tuyere- 
pi-pes.  The  materials,  consisting  of 
due  proportions  of  coke  or  coal, 
roasted  ore,  and  limestone,  are  con- 
stantly supplied  from  the  top,  the 
operation  proceeding  continuously 
night  and  day,  often  for  years,  or 
until  the  furnace  is  judged  to  re- 
quire repair.  In  the  upper  part  or 
shaft  of  the  furnace,  where  the 
temperature  is  still  very  high,  and 
where  combustible  gases  abound, 
the  iron  of  the  ore  is  probably 
reduced  to  the  metallic  state,  being 
disseminated  through  the  earthy  matter  of  the  ore.  As  the  whole 
sinks  down,  the  iron  and  slag,  both  in  the  melted  state,  reach  at  last 
the  bottom  or  hearth  of  the  furnace,  where  they  arrange  themselves 
in  the  order  of  their  densities,  the  slag  floating  upon  the  iron.  The 
slag  flows  out  at  certain  apertures  contrived  for  the  purpose,  and  the 
iron  is  discharged  from  time  to  time,  and  suffered  to  run  into  rude 
moulds  of  sand  by  opening  an  orifice  at  the  bottom  of  the  furnace 
previously  stopped  with  clay. 

The  general  nature  of  tlie  chemical  changes  which  go  on  in  the 
blast-furnace  are  not  difficult  to  explain,  though  there  is  much 
difterence  of  opinion  as  to  some  details.  The  air  blown  in  at  the 
bottom  may  be  supposed  to  yield  oxygen  to  the  carbon  of  the  fuel, 
producing  carbonic  oxide  directly  or  carbonic  anhydride,  which  is 
immediately  afterwards  reduced  to  carbonic  oxide.  It  is  this  gas, 
carbonic  oxide,  which  plays  the  most  imijortant  part  in  the  reduction 
of  the  ore.  The  latter  may  be  .supposed  to  consist  essentially  of 
ferric  oxide,  and  the  change  may  be  represented  by  this  equation : — 


3C0  4-  Fe.Oy  =  3C0,,  -f  Fe^ . 
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In  the  presence  of  more  carbon  the  carbon  dioxide  is  itself 
reduced  cagain,  and  these  reactions  go  on  alternately  as  the  gas  ascends 
through  the  furnace  until,  arriving  at  the  upper  part  where  the 
temperature  is  not  sufficiently  high,  the  oxide  of  iron  is  un- 
affected. The  carbonic  oxide  then  passes  off  accompanied  by  the 
nitrogen  of  the  air,  together  with  a  small  quantity  of  hydrocarbons 
produced  when  raw  coal  has  been  used.  The  gas  which  thus  escapes 
is  combustible,  and  it  was  formerly  the  custom  to  allow  it  to  burn 
at  the  throat  of  the  furnace,  but  as  already  mentioned,  it  is  now 
carried  off  and  burnt  where  the  heat  thus  generated  can  be  utilised. 

Now  metallic  iron  in  the  pure  state,  as  liberated  from  the  ore,  is 
not  fusible  at  the  temperature  existing  in  the  blast  furnace,  but 
carbon  monoxide  at  that  temperature  is  decomposed  into  carbon 
dioxide  and  carbon  : 

CO  +  CO  =  CO2  +  C . 

The  latter  is  deposited  in  the  solid  form,  and  slowly  combines 
with  the  iron,  forming  a  fusible  carbide  or  mixture  of  carbides, 
which  is  the  main  constituent  of  cast  iron.  A  little  silicon,  sulphur, 
and  phosphorus  are  at  the  same  time  reduced  from  the  ore  or 
from  the  ashes  of  the  coal,  and  these  also  combine  with  the  iron. 
At  the  same  time  the  lime  flux  added  combines  with  silica  and 
alumina  in  the  ore  and  produces  the  slag,  which,  with  the  iron, 
settles  down  to  the  crucible  or  hearth,  and  both  are  drawn  oS  as 
already  explained. 

A  great  improvement  in  the  original  mode  of  conducting  the 
process  was  the  substitution  of  coke  for  raw  coal,  and  the  blowing  of 
hot  air  instead  of  cold  into  the  furnace.  This  is  effected  by  causing 
the  air,  on  leaving  the  blowing-machine,  to  circulate  through  a 
system  of  iron  pipes,  or  brickwork  heated  to  redness,  until  its 
temperature  becomes  high  enough  to  melt  lead.  This  alteration 
effects  a  prodigious  saving  of  fuel,  without  injury  to  the  quality  of 
the  product. 

The  product  of  the  blast-furnace,  commonly  known  as  cast  or  pir/ 
iron,  is  a  hard  and  brittle  substance  which  varies  considerably  in 
appearance,  in  composition,  and  in  mechanical  properties,  according 
to  the  nature  of  the  material  operated  upon,  the  proportions  used,  the 
temperature  of  the  furnace,  and  other  circumstances.  It  may  be 
regarded  as  a  mixture  of  compounds  of  the  metal  with  the  elements 
carbon  and  silicon,  accompanied  by  small  quantities  of  impurities, 
chiefly  sulphur  and  phosphorus.  While  hot,  the  fluid  metal  seems 
to  have  the  power  of  combining  with  or  dissolving  considerable 
quantities  of  carbon,  but  on  cooling  slowly  a  certain  proportion  of 
this  carbon  usually  separates  out  in  tlie  form  of  crystalline  graphites 
so  that  the  broken  surface  presents  a  dark-grey  colour  due  to  the 
intermixture  of  black  graphitic  scales  with  the  metallic  carbide. 
Iron  of  this  character  is  preferred  for  use  in  the  foundry  for  making 
castings,  whilst  white  cast  iron  in  which  the  whole,  or  nearly  the 
whole,  of  the  carbon  remains  in  combination  is  converted  into 
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wrought  ii-on.  Tlie  following  examples  wiU  convey  a  general  idea 
of  the  composition  of  pig  iron,  though  it  must  be  understood  that  it 
varies  very  greatly,  and  that  even  the  product  of  the  same  furnace  is 
not  always  perfectly  uniform  in  character. 


Carbon,  graphitic, 
,,  combined, 
Silicon,  . 
Sulphur, 
Phosphorus,  , 
Manganese, 
Iron, 


S.  staffs. 
Foundry 
Pig. 

Mottled 
Cleveland 
Iron. 

vniite  Forge 
Pig  from 
Magnetite. 

T?Ar1 
XVCU 

Heematite, 

3-30 

2-70 

0-00 

3-04 

U  4U 

U  00 

z  OU 

u  /U 

1-88 

0-G6 

0-16 

2-00 

0-02 

0-35 

0-04 

0-01 

0-71 

1-05 

0-11 

0  03 

0-40 

0-79 

0-10 

0-31 

93-29 

93-59 

97-09 

93-91 

100-00 

99-99 

100-90 

100-00 

The  composition  of  blast-furnace  slag  varies  a  good  deal,  though 
perhaps  less  than  might  be  expected  from  the  considerable  differ- 
ences in  appearance  exhibited  by  samples  from  different  furnaces,  or 
even  from  the  same  furnace  if  the  conditions  are  varied.  Slag  is 
a  stony  or  semi-vitreous-looking  substance,  showing  various  shades 
of  blue,  or  greenish-grey,  or  brown,  or  even  black  when  much  iron 
is  present.  The  following  figures  give  the  mean  of  thirteen  analyses 
by  Mr  E.  Riley,  and  sufficiently  indicate  the  general  nature  of  this 
material : — 


Silica,  SiOj, 

Alumina,  Al^Og, 

Lime,  CaO, 

Ferrous  oxide,  FeO,  . 

Manganous  oxide,  MnO, 

Magnesia,  MgO, 

Potash,  K2O) 

Calcium, 

Sulphur, 

Phosphoric  oxide,  P^Oj, 


41-85^ 
14-73  ^87 
30-99  J 

2-63 

1-24 

4-76 

1-90 

1-15 

0-92 

0-15 


M2-T5 


100-32 

Slag  is  used  to  a  small  extent  as  road-metal,  for  brick  and  cenient 
making,  and  is  also  blown  into  a  finely-fibrous  material  called  slag- 
wool,  which  is  employed  as  covering  for  steam  pipes.  The  heat  of 
tlie  slag  as  it  Hows  from  the  furnace  is  also  sometimes  utilised  for 
evaporating  brine  in  salt-making. 

The  conversion  of  cast  into  wrought  iron  is  efl'ected  chielly  by  an 
operation  called  imddlimj,  the  object  of  which  is  to  remove  as  far  as 
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possible  the  carbon  and  silicon,  and  other  substances  present  in  cast 
iron.  The  process  of  puddling  is  sometimes  preceded  by  an  opera- 
tion called  refining,  which  consists  in  remelting  it,  in  contact  with 
the  fuel,  in  small  low  furnaces  called  refineries^  while  air  is  blown 


Fig.  139. 


over  its  surface  by  means  of  tuyeres.  Figure  139  represents  a 
vertical  section  of  a  refinery.  The  apparatus  consists  of  a  rect- 
angular trough  of  cast  iron,  the  walls  of  which  are  kept  cool  by 


Fig.  140. 


water  and  lined  witli  iireclay.    There  are  usually  six  pipes  or 
tuyeres,  three  on  each  side,  by  which  the  air  is  blown  upon  tlie 
surface  of  the  molten  metal.    A  fire  is  first  made  upon  the  hearth  of 
vox,.  I.  2  H 
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the  refinery,  and  the  pigs  of  cast  iron  having  been  laid  in  order  and 
covered  with  coke,  the  blast  is  turned  on  till  the  metal  is  completely 
melted.  The  effect  of  this  operation  is  to  deprive  the  iron  of  a  great 
part  of  the  silicon  and  some  of  the  carbon  associated  with  it.  The 
metal  thus  purified  ia  run  out  into  a  trench,  and  suddenly  cooled, 
by  which  it  becomes  white,  crystalline,  and  exceedingly  hard. 

The  puddling  process  is  conducted  in  a  reverberatory  furnace 
(figs.  140  and  141),  into  which  the  charge  of  crude  or  of  fine  metal  is 
introduced  by  a  side  aperture.  The  hearth  is  hollowed  out  and  lined 
with  a  fettling  "  of  pure  oxide  of  iron.  The  metal  is  speedily  melted 
by  the  flame,  and  its  surface  covered  with  a  siliceous  slag.  The 
workman  then,  by  the  aid  of  an  iron  tool,  diligently  stirs  the  melted 
mass,  which  at  a  certain  stage  appears  to  boil,  so  as  intimately  to  mix 
the  oxide  with  the  metal.  Small  jets  of  blue  flame  soon  appear  upon 
the  surface  of  the  iron,  and  the  latter,  after  a  time,  begins  to  lose  its 


Fig.  141. 


fluidity,  and  acquires,  in  succession,  a  pasty  and  a  granular  condition. 
At  this  point  the  fire  is  strongly  urged,  the  sandy  particles  once  more 
cohere,  and  the  contents  of  the  furnace  now  admit  of  being  formed 
into  several  large  balls  or  blooms,  which  are  then  withdrawn,  and 
placed  under  an  immense  hammer,  moved  by  machinery,  by  which 
each  ball  becomes  quickly  fashioned  into  a  rude  bar.  This  is  reheated, 
and  passed  between  grooved  cast  iron  rollers,  and  drawTi  out  into  a 
long  bar  or  rod.  To  make  the  best  iron,  the  bar  is  cut  into  a 
number  of  pieces,  which  are  afterwards  piled  or  bound  together, 
again  raised  to  a  welding  heat,  and  hammered  or  rolled  into  a  single 
bar  ;  and  this  process  of  piling  or  fagotting  is  sometimes  twice  or 
thrice  repeated,  the  iron  becoming  greatly  improved  thereby. 

The  general  nature  of  the  change  in  the  jniddling  furnace  is  as 
follows.  Cast  iron  consists  essentially  of  iron  in  combination  with 
carbon  and  silicon  and  these  compounds,  when  strongly  heated 
with  iron  oxide,  undergo  decomposition,  the  carbon  and  silicon 
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Cold  Blast 

Keflned 

Finished 

Pig. 

Metal. 

Wrought  Iron. 

3-656 

3-342 

0-226 

1-255 

0-130 

0-109 

0-033 

0-025 

0-012 

0-565 

0-490 

0-064 

becoming  oxidised  at  the  expense  of  the  oxygen  of  the  oxide.  As= 
this  change  takes  place,  the  metal  gradually  loses  its  fusibility,  but 
retains  a  certain  degree  of  adhesiveness,  so  that  when  at  last  it  comes 
under  the  tilt-hammer,  or  between  the  rollers,  the  particles  of  iron 
become  agglutinated  into  a  solid  mass,  while  the  readily  fusible 
silicate  of  the  o>dde  is  squeezed  out  and  separated. 

The  following  analyses  of  pig  iron  and  of  the  same  after  refining, 
and  after  puddling  and  rolling,  show  the  extent  of  the  change  in 
composition  which  the  metal  suffers  in  passing  through  these 
processes  : — 

Carbon, 
Silicon, 
Sulphur, 
Phosphorus,  . 

Wrought  iron  represents  the  nearest  approach  to  the  pure  metal 
which  can  be  produced  by  manufacturing  processes  upon  a  large 
scale.  Its  mechanical  properties  are  totally  distinct  from  those  of 
cast  iron ;  for  while  the  latter  is  hard,  crystalline,  and  brittle,  the 
former  is  soft,  fibrous  in  texture,  and  readily  malleable  and  ductile. 
Its  capability  of  welding  at  a  red  heat,  already  referred  to,  also  dis- 
tinguishes it  not  only  from  cast  iron,  but  from  all  but  the  softest 
kinds  of  steel. 

All  these  processes  are,  in  Great  Britain,  performed  with  coal  or 
coke  ;  but  the  iron  obtained  is,  in  some  resj)ects,  inferior  to  that 
made  in  Sweden  and  Russia  from  the  magnetic  oxide,  by  the  use  of 
wood  charcoal — a  fuel  too  dear  to  be  extensively  employed  in  Eng- 
land.   Plate  iron  is,  however,  sometimes  made  with  charcoal. 

Steel  may  be  obtained  by  a  great  varietj^  of  processes,  all  of  which 
have  for  their  object  the  production  of  a  pure  carbide  of  iron,  con- 
taining a  small  regulated  quantity  of  carbon  with  only  minute 
quantities  of  silicon,  sulphur,  and  phosphorus.  One  of  the  oldest  of 
these  is  the  process  called  cementation,  in  which  bars  of,  preferably, 
Swedish  iron  are  imbedded  in  charcoal  powder,  contained  in  a  large 
rectangular  chest  of  fire-brick,  and  exposed  for  several  days  to  a  full 
red  heat.  The  accompanying  figure  shows  a  section  of  the  lower 
part  of  such  a  converting  furnace,  the  upper  part  consisting  of  a 
conical  brick  dome  which  serves  to  promote  regularity  of  temperature 
within.  The  iron  takes  up,  under  these  circumstances,  from  \  to  |, 
or  more,  per  cent,  of  carbon,  becoming  harder,  and  at  the  same  time 
more  fusible,  but  with  a  certain  diminution  of  malleability.  The 
active  agent  in  this  cementation  process  is  probably  carbon  monoxide  : 
the  oxygen  of  the  air  in  the  crucible  unites  with  the  carbon  to  form 
that  compound,  which  is  afterwards  decomposed  by  the  heated  iron, 
one-half  of  its  carbon  being  abstracted  by  the  latter.  The  carbon 
dioxide  thus  formed  takes  up  an  additional  dose  of  carbon  from  the 
charcoal,  and  again  becomes  monoxide,  the  oxygen,  or  rather  the 
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carbon  dioxide,  acting  as  a  carrier  between  the  charcoal  and  tlie 
jnetal.  The  product  of  this  operation  is  called  blistered  steel,  from 
the  blisters  which  appear  on  the  surface  of  the  bars  :  the  texture 
is  afterwards  improved  and  equalised  by  welding  a  number  of  these 
bars  together,  and  drawing  the  whole  out  under  a  light-tilt  hammer, 
or  the  bars  may  be  broken  up  and  melted  in  crucibles. 

The  operation,  which  is  known  as  case-hardening,  is  in  reality  a 
rapid  process  of  cementation.  It  is  usually  applied  to  small  articlcF, 
such  as  keys,  which  may  be  shaped  from  wrought  iron,  and  subse- 
quently hardened  superficially  by  sprinkling  them,  while  red  hot. 


Fig.  142. 


with  ferrocyanide  of  potassium  or  horn-shavings,  and  then  plunging 
into  water. 

The  most  perfect  kind  of  steel  is  that  which  has  undergone  fusion 
having  been  cast  into  ingot-moulds,  and  afterwards  hammered  :  of 
this  all  fine  cutting  instruments  are  made.  It  is  difficult  to  forge, 
requiring  great  skill  and  care  on  the  part  of  the  operator. 

Steel  may  also  be  made  directly  from  some  particular  varieties  of 
cast  iron,  as  that  from  spathose  iron  ore  containing  a  little  man- 
ganese. The  metal  is  retained,  in  a  melted  state,  on  the  hearth  of  a 
furnace,  while  a  stream  of  air  plays  upon  it,  and  causes  partial 
oxidation  :  the  oxide  produced  reacts,  as  before  stated,  on  the  carbon 
of  the  iron,  and  withdraws  a  portion  of  that  element.  When  a 
proper  degree  of  stiffness  or  pastiness  is  observed  in  the  residual 
metal,  it  is  withdrawn  and  hammered  or  rolled  into  bars.  The 
wootz,  or  native  steel  of  India,  is  probably  made  in  this  manner. 
Annealed  or  malleable  cast  iron  is  much  employed  as  a  substitute 
for  the  more  costly  products  of  the  forge  :  the  articles  when  cast  are 
imbedded  in  powdered  haematite,  and,  after  being  exposed  to  a 
moderate  red  heat  for  some  time,  are  allowed  to  cool  slowly,  by 
which  a  very  great  degree  of  softness  and  malleability  is  attained. 
Some  superficial  decarbonisation  takes  place  during  this  process. 


STEEL. 
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Bessemer  steel  is  a  remarkable  product,  nianuractured  on  an  enor- 
mous scale  by  blowing  atmospheric  air  tbrougli  melted  cast  irou 
till  the  carbon  and  silicon  are 

removed,  and  subsequently  in-  ^''e-  143. 

troducing  the  requisite  amount 
of  carbon,  together  with  some 
manganese. 

The  operation  is  conducted 
in  an  iron  vessel  called  the  con- 
verte);  of  the  form  represented 
in  the  figure,  and  lined  with  in- 
fusible material.  Considerable 
heat  is  generated  by  the  oxida- 
tion of  the  carbon  and  silicon, 
80  that  the  temperature  is  kept 

above  the  melting-point  of  steel  during  the  whole  of  the  operation. 
When  the  decarburation  has  been  carried  far  enough,  the  current 
of  air  is  stopped,  and  a  small  quantity  of  speigel-eisen  or  ferroman- 
ganese  is  dropped  into  the  liquid  metal,  which,  after  a  few  minutes' 
rest,  is  poured  into  ingot-moulds. 

In  the  original  Bessemer  process  the  converter  was  lined  with  a 
siliceous  kind  of  fireclay  called  ganister,  and  it  was  found  that, 
although  the  carbon  and  silicon,  beside  a  portion  of  the  iron,  were 
readily  oxidised,  the  phosphorus  and  sulphur  usually  present  were 
not  removed.  As  the  presence  of  these  elements  in  more  than  the 
most  minute  quantity  is  very  detrimental  to  the  quality  of  the 
resulting  steel,  it  was  necessary  to  select  for  this  process  pig  iron 
containing  the  minimum  amount  of  sulphur  and  phosphorus,  with 
a  lelatively  large  proportion  of  silicon.  By  employing  a  mixture 
of  lime  and  magnesia  (calcined  dolomite)  for  lining  the  converter, 
Thomas  and  Gilchrist  succeeded  in  making  good  steel  from  pig  iron 
containing  large  quantities  of  phosphorus.  This  modification  con- 
stitutes the  basic  Bessemer  process,  by  which  large  quantities  of 
steel  are  now  manufactured. 

Another  method  of  steel-making  is  that  known  as  the  Siemens- 
Martin  process,  which  consists  in  dissolving  scrap  iron  in  molten 
pig  iron  heated  in  a  reverberatory  furnace,  or  in  adding  pure  oxides 
of  iron  to  cast  iron  previously  melted.  In  both  cases  a  certain  pro- 
portion of  speigel-eisen  is  added  at  the  end  of  the  process. 

The  most  remarkable  property  of  steel  is  that  of  becoming  ex- 
ceedingly hard  when  quickly  cooled.  When  heated  to  redness,  and 
suddenly  quenched  in  cold  water,  steel,  in  fact,  becomes  capable  of 
scratching  glass  with  facility  ;  if  reheated  to  redness,  and  once  more 
left  to  cool  slowly,  it  again  becomes  nearly  as  soft  as  ordinary  iron  ; 
and  between  these  two  conditions,  any  required  degree  of  hardness 
may  be  attained.  The  articles,  forged  into  shape,  are  first  hardened 
in  the  manner  described  ;  they  are  then  tempered  or  let  down,  by  ex- 
posure to  a  proper  degree  of  annealing  heat,  which  is  often  judged 
of  by  the  colour  of  the  thin  film  of  oxide  which  appears  on  the 
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polished  surface.  Tlius,  a  temperature  of  about  221°  C.  (430°'  T'.), 
indicated  by  a  faint  straw  coloiir,  gives  the  proper  temper  for  razors  ; 
that  for  scissors,  penknives,  etc.,  is  comprised  between  243°  and 
254°  C.  (470-490°  F.),  and  is  indicated  by  a  full  yellow  or  brown 
tint.  Swords  and  watch-springs  require  to  be  softer  and  more 
elastic,  and  must  be  heated  to  288°  or  293°  C.  (500-560°  F.),  or  until 
the  surface  becomes  deep-blue.  Attention  to  these  colours  has  now 
become  of  less  importance,  as  metal  baths  are  often  substituted  for 
the  open  lire  in  this  operation. 


COBALT. 

Symbol,  Co.    Atomic  weight,  59. 

This  metal  occurs  in  combination  with  sulphur  in  linnajite,  Co^S^  ; 
with  arsenic  in  skutterudite,  CoAsg  ;  with  sulphur  and  arsenic  in 
speiss-cobalt,  (Co,Ni,  Fe)As2,  and  cobalt-glance,  (Co,Fe)(AsS)2 ;  as 
iarsenate  in  erythrin  or  cobalt-bloom,  Co3(As04)2,  SHjO  ;  and  asso- 
ciated with  manganese  in  wad,  (Co,Mn)0,2Mn02,4H20.  It  is  an 
almost  invariable  constituent  of  meteoric  iron,  and  has  been  detected 
spectroscopically  in  the  atmosphere  of  the  sun. 

Cobalt-compounds  may  be  prepared  from  speiss  or  any  arsenical 
cobalt-ore  by  the  following  process  : — The  mineral  is  broken  into 
small  fragments,  mixed  with  from  one-fourth  to  half  its  weight  of 
iron  filings,  and  the  whole  is  dissolved  in  nitro-muriatic  acid.  The 
solution  is  gently  evaporated  to  dryness,  the  residue  treated  with 
boiling  water,  and  the  insoluble  iron  arsenate  removed  by  a  filter. 
The  liquid  is  then  acidulated  with  hydrochloric  acid,  treated  with 
hydrogen  sulphide  in  excess,  which  j^recipitates  the  copper,  and 
after  filtration,  boiled  with  a  little  nitric  acid  to  bring  back  the  iron 
to  the  ferric  state.  To  the  cold  and  largely  diluted  liquid  solution, 
sodium  bicarbonate  is  gradually  added,  by  which  the  ferric  oxide 
may  be  completely  separated  without  loss  of  nickel-salt.  Lastly, 
the  filtered  solution,  boiled  with  sodium  carbonate  in  excess,  yields 
an  abundant  precipitate  of  cobalt  carbonate,  more  or  less  mixed  with 
nickel  carbonate. 

The  separation  of  cobalt  from  nickel  may  be  effected  by  the  follow- 
ing process,  devised  by  H.  Eose.  A  solution  of  the  chlorides  is 
supersaturated  with  chlorine  gas,  and  then  mixed  with  excess  of 
recently  precipitated  barium  carbonate,  left  at  rest  for  twelve  to 
eighteen  hours,  and  shaken  up  from  time  to  time.  The  whole  of  the 
cobalt  is  thereby  thrown  down  as  sesquioxide,  while  the  nickel 
remains  in  solution.  A  method  commonly  used  which  is  based  upon 
j^ractically  the  same  principle  consists  in  adding  to  the  solution  of 
the  mixed  chlorides  a  solution  of  bleaching  powder  in  successive 
moderate  quantities.  The  cobalt  is  first  precipitated  in  the  form  of 
the  black  sesquioxide,  while  the  nickel  remains  in  solution.  A  solu- 
tion of  cobalt  free  from  nickel  may  also  be  obtained  by  preci' 
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pitating  the  mixed  solution  with  oxalic  acid  :  the  whole  of  the  nickel 
is  thereby  precipitated,  together  with  a  small  portion  of  the  coba,lt 
leaving  pure  cobalt  in  solution.  Other  methods  will  be  described  in 
connection  with  nickel. 

Cobalt  is  a  white,  malleable,  and  tenacious  metal,  having  a  density 
8-5,  and  a  very  high  melting-point.  It  is  unchanged  in  the  air,  and 
but  feebly  attacked  by  dilute  hydrochloric  and  sulphuric  acids.  It  is 
strongly  magnetic. 

Cobalt  forms  two  classes  of  salts,  analogous  in  composition  to  the 
ferrous  and  ferric  salts  ;  but  the  cobaltic  salts,  in  which  the  metal  is 
apparently  trivalent,  are,  with  the  exception  of  the  nitrite,  very 
ujistable. 

ChloTide8.—Cobaltous  Chloride,  CoClj,  is  easily  prepared  by  dis- 
solving the  oxide  in  hydrochloric  acid  ;  or  it  may  be  prepared 
directly  from  cohalt-glance,  the  native  arsenide,  by  the  process  above 
described.  It  forms  a  deep  rose-red  solution,  which,  when  sufficiently 
strong,  deposits  hydrated  crystals  of  the  same  colour ;  when  the  liquid 
is  evaporated  by  heat  to  a  very  small  bulk,  it  deposits  anhydrous 
crystals,  which  are  blue  :  these  latter  by  contact  with  water  again 
■dissolve  to  a  red  liquid.  A  dilute  solution  of  cobalt  chloride  consti- 
tutes the  well-known  blue  sympafJietic  ink:  characters  written  on 
paper  with  this  liquid  are  invisible,  from  their  paleness  of  colour, 
until  the  salt  has  been  rendered  anhydrous  by  exposure  to  heat, 
when  the  letters  appear  blue.  On  laying  it  aside,  moisture  is 
absorbed,  and  the  writing  once  more  disappears.  Green  sympathetic 
ink  is  a  mixture  of  the  chlorides  of  cobalt  and  nickel. 

Cobaltic  Chloride,  CojClg,  is  obtained  in  solution  by  dissolving  the 
sesquioxide  in  hydrochloric  acid,  and  in  small  quantity  by  saturat- 
ing a  solution  of  the  dichloride  with  chlorine  gas.  The  liquid  has  a 
dark-brown  colour,  but  easily  decomposes,  giving  off  chlorine  and 
leaving  the  rose-coloured  dichloride. 

Bromide  and  Iodide  of  cobalt  are  similar  in  character  to  the  chloride. 
The  cobaltous  iodide  affords  a  remarkable  instance  of  changesof  colour 
during  hydration,  the  anhydrous  compound,  CoTj,  being  black  and 
lustrous  like  graphite,  but  on  exposure  to  moist  air  it  assumes  a  moss- 
green  colour,  forming  the  hydrate  C0I22H2O.  By  solution  in  water 
a  pink  compound  is  produced,  which  may  be  obtained  in  crystals 
of  the  formula  C0I2.6H2O. 

Oxides  and  Oxysalts. — Cobalt  forms  a  monoxide  and  a  sesqui- 
oxide, also  two  or  three  oxides  of  intermediate  composition.  The 
monoxide,  or  cobaltous  oxide,  CoO,  is  a  grey  powder  soluble  in  acids,  and 
is  isomorphous  with  magnesia,  affording  salts  of  a  fine  red  tint.  It  is 
prepared  by  precipitating  cobaltous  sulphate  or  chloride  with  sodium 
carbonate,  and  washing,  drying,  and  igniting  the  precipitate.  When 
the  cobalt  solution  is  mixed  with  caustic  potash,  a  beautiful  blue  pre- 
cipitate falls,  which,  when  heated,  becomes  violet,  and  at  length  du'ty 
red,  from  absorption  of  oxygen  and  a  change  in  the  state  of  hydration. 
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The  Sesquioxide,  or  Cobaltic  Oxide,  CogO,,  is  a  black,  insoluble, 
neutral  powder,  obtained  by  mixing  solutions  of  cobalt  and  chloride 
of  lime.    It  dissolves  in  acids,  yielding  the  cobaltic  salts. 

Cohaltoso-cobaltic  Oxide,  C03O4,  a  black  crj'^stalline  powder,  analogous 
to  the  magnetic  oxide  of  iron,  is  formed  when  cobaltous  nitrate  or 
oxalate,  or  hydrated  cobaltic  oxide,  is  heated  in  contact  with  the  air. 

Cobaltic  Acid,  H2C0O4,  the  analogue  of  ferric  and  chromic  acids 
api  ears  to  be  formed  when  to  a  solution  of  any  salt  of  cobalt  excess 
of  sodium  bicarbonate  is  added,  followed  by  hydrogen  peroxide. 
A  green  solution  is  formed,  and  though  the  salt  has  not  been  isolated, 
experiment  shows  that  the  maximum  green  colour  is  produced  when 
the  molecular  proportions  of  cobalt  salt  and  hydrogen  peroxide  are 
1  to  2  ; 

C0CO3  +  2H2O2  =  H2C0O4  +  CO2  +  H2O. 

The  green  solution  may  be  formed  in  presence  of  nickel  salts,  and 
the  reaction  serves  for  the  detection  of  cobalt  in  the  presence  of 
nickel,  even  in  large  excess.  (Durrant.) 

Oxide  of  cobalt  is  remarkable  for  the  magnificent  blue  colour  it 
communicates  to  glass  :  indeed,  this  is  a  character  by  which  its  pre- 
sence may  be  most  easily  detected,  a  very  small  portion  of  the  sub- 
stance to  be  examined  being  fused  with  borax  on  a  loop  of  platinum 
wire  before  the  blow-pipe  ;  the  production  of  this  colour  both  in  the 
inner  and  in  the  outer  flame  distinguishes  cobalt  from  all  other 
metals. 

The  substance  called  smalt,  used  as  a  pigment,  consists  of  glass 
coloured  by  cobalt :  it  is  thus  made  : — The  cobalt  ore  is  roasted  until 
nearly  free  from  arsenic,  and  then  fused  Avith  a  mixture  of  potassium 
carbonate  and  quartz-sand,  free  from  oxide  of  iron.  Any  nickel  that 
may  happen  to  be  contained  in  the  ore  then  subsides  to  the  bottom 
of  the  crucible  as  arsenide  :  this  is  the  speiss  already  mentioned. 
The  glass,  when  complete  is  removed  and  poured  into  cold  water ; 
it  is  afterwards  ground  to  powder  and  elutriated.  Cobalt  ultramarine 
is  a  fine  blue  colour  prepared  by  mixing  16  parts  of  freshly  preci- 
jjitated  alumina  with  2  parts  of  cobalt  phosphate  or  arsenate  :  this 
mixture  is  dried  and  slowly  heated  to  redness.  By  daylight  the 
colour  is  pure  blue,  but  by  artificial  light  it  is  violet.  A  similar 
compound,  of  a  fine  green  colour,  is  formed  by  igniting  zinc  oxide 
with  cobalt-salts.  Zaffre  is  the  roasted  cobalt  ore  mixed  with  sili- 
ceous sand,  and  reduced  to  fine  powder  :  it  is  used  in  enamel  paint- 
ing. A  mixture  in  due  proportions  of  the  oxides  of  cobalt,  manga- 
nese, and  iron  is  used  for  giving  a  fine  black  colour  to  glass. 

C  obalt  ous  Salt  s. — The  Stdphaie,  CoS04,7H20,  forms  red 
crystals,  requiring  for  solution  24  parts  of  cold  water  ;  they  are  iden- 
tical in  form  with  those  of  magnesium  suli^hate.  It  combines  with 
the  sulphates  of  potassium  and  ammonium,  forming  double  salts  con- 
taining 6  molecules  of  water. 

A  solution  of  oxalic  acid  added  to  cobaltous  sulphate  occasions 
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after  some  time,  the  separation  of  nearly  the  whole  of  the  base  in 
the  state  of  oxalate. 

The  carbonate  is  thrown  down  by  the  alkaline  carbonates  from 
solutions  of  cobalt,  as  a  pale  peach -blossom-coloured  precipitate  of 
combined  carbonate  and  hydroxide,  containing  2CoC03,3CoH20o  + 
H.,0. 

Cobaltic  Salt s. — Cobaltic  oxide  dissolves  in  cold  acids,  form- 
ing brown  solutions  which  are  easily  decomposed,  the  oxysalts 
evolving  oxygen  and  the  chloride  evolving  chlorine.  The  most 
stable  of  these  salts  is  the  acetate,  the  solution  of  which  gives  brown 
2)recipitates  with  alkalis  and  sodium  phosphate,  and  a  black  preci- 
pitate with  ammonium  sulphide. 

Greater  stability  is  exhibited  by  certain  double  cobaltic  salts,  the 
most  important  of  which  is  : 

Potassio-cobaltic  Nitrite,  K6^02(N02)i2,wH20,  which  is  obtained  as 
a  yellow  precipitate  on  adding  potassium  nitrite  to  the  solution  of  a 
cobaltous  salt,  the  chloride  for  example,  acidulated  with  acetic  acid, 
the  reaction  being  represented  by  the  equation  : — 

2C0CI2  +  lOKNO,  +  4HNO2  =  KoCo2(NO,),2  -I-  4KC1  -1-  2N0 

-t-  2H2O. 

This  compoimd,  called  cobalt-yelloio,  is  a  bright  yellow  powder 
composed  of  microscopic  pyramids  or  stellate  forms.  It  is  usually 
anhydrous,  but  may  be  obtained,  according  to  the  strength  of  the 
solution  with  1  to  4  molecules  of  water,  its  colour  then  varying  from 
bright  yellow  to  a  dark  greenish-yellow.  It  is  decomposed  by  nitric 
and  hydrochloric  acids,  with  aid  of  heat,  slowly  by  caustic  potash, 
but  quickly  by  caustic  soda  or  baryta  at  a  gentle  heat,  yielding  a 
precipitate  of  brown  cobaltic  hydroxide.  When  suspended  in  water, 
it  is  slowly  attacked  by  hydrogen  sulphide,  quickly  by  ammonium 
sulphide,  with  formation  of  black  cobalt  sulphide.  Corresponding 
double  salts  are  also  known,  containing  sodium,  ammonium,  and 
thallium. 

Ammoiriacal  Cobalt  Compounds. — Cobaltous  salts,  treated  with 
ammonia  in  a  vessel  protected  from  tlie  air,  unite  with  the  ammonia, 
forming  compounds  which  maybe  called  ammonio-cobaltous 
salts.  Most  of  them  contain  6  molecules  of  ammonia  to  1  molecule 
of  the  cobalt  salt;  thus  the  chloride  contains  CoC]2,6NH3-J-H20  ; 
the  nitrate,  Co(N03)26NH3-f  2H2O.  Tliey  are  generally  crystallisable, 
and  of  a  rose  colour,  soluble  without  decomposition  in  ammonia,  but 
decomposed  by  water,  with  formation  of  a  basic  salt.  H.  Rose,  by 
treating  dry  cobalt  chloride  with  ammonia  gas,  obtained  the  com- 
pound CoCl2,4NH3  ;  and  in  like  manner  an  ammonio-sulphate  has 
been  formed  containing  CoS04,6NH3. 

When  an  ammoniacal  solution  of  cobalt  is  exposed  to  the  air, 
oxygen  is  absorbed,  the  liquid  turns  brown,  and  new  salts  are 
formed.    Most  of  the  peroxidiscd  ammonio-cobalt  salts  are  com- 
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posed  of  cobaltic  salts  united  with  two.  or  more  molecules  of 
ammonia.  The  composition  of  the  normal  salts  may  be  illustrated 
by  the  chlorides,  as  in  the  following  table  : — 

Tetrammonio-cobaltic  chloride,      .      .  COijCl/NHg)^ 

Hexammonio-cobaltic  chloride,      .       ,  Co2C'lg(NH3)(, 
Octammonio  cobaltic  (or  praseo-cobaltic) 

chloride,      .       .       .       .       .       .  Co2Cl9(NH3)8 

Decamrnonio-cobaltic  (roseo-  and  pur- 

pureo-cobaltic)  chloride,      .       .       .  Co2Cla(NH3)^Q 
Dodecammonio-cobaltic  (or  luteo-cobaltic) 

chloride,   Co2Clg(NH3)i2 

The  formulte  of  the  corresponding  normal  nitrates  are  deduced 
from  the  preceding  by  substituting  NO3  for  CI ;  those  of  the  sul- 
phates, oxalates,  and  other  bibasic  salts,  by  substituting  SO,,  C2O4, 
etc.,  for  Clj,  e.g.,  decamrnonio-cobaltic  sulphate=Go2{^Oi)2(NE.^jQ. 
There  are  also  acid  and  basic  salts  of  the  same  ammonium-molecules, 
such  as  the  oxyoctammonio- cobaltic  or  fusco-cobaltic  salts,  which  may 
be  regarded  as  basic  praseo-cobaltic  salts,  e.g.,  the  hydroxynitraie, 
Co2(N03)4(OH)2(N  113)8.  Further,  there  are  salts  containing  the 
radicles  NO  and  NO2,  in  addition  to  ammonia,  e.g.,  decammonio- 
nitroso-cobaltic  or  xantho-cobaltic  chloride,  Co2Cl4(N02)2(NH3),o,  which 
may  be  regarded  as  roseo-  or  purpureo-cobaltic  salts,  in  which  one- 
third  of  the  chlorine  or  other  acid  radicle  is  replaced  by  NO2. 
Lastly,  ammoniacal  compounds  (oxycobaltic  salts)  containing  salts  of 
cobalt  corresponding  with  the  dioxide  have  been  obtained  by  Fremy 
and  several  other  chemists. 

Cobaltous  salts  have  the  following  characters  : — 
Solution  of  potash  gives  a  blue  precipitate,  changing  by  heat  to 
violet  and  red.  Ammonia  gives  a  blue  precipitate,  soluble  with 
difficulty  in  excess  with  brownish-red  colour.  Sodium  carbonate 
forms  a  pink  precipitate.  Ammonium  carbonate,  a  similar  com- 
pound, soluble  in  excess.  Potassium  fen-ocyanide  gives  a  greyisli- 
green  precipitate.  Potassium  cyanide  forms  a  yellowish-brown  pre- 
cipitate, which  dissolves  in  an  excess  of  the  precipitant.  The  clear 
solution,  after  boiling,  may  be  mixed  with  hydrochloric  acid  with- 
out giving  a  precipitate.  Hydrogen  sulphide  produces  no  change,  if 
the  cobalt  is  combined  with  a  strong  acid.  Ammonium  sulphide 
throws  down  black  sulphide  of  cobalt,  insoluble  in  dilute  hydro- 
chloric acid. 

Cobaltic  salts,  formed  by  dissolving  cobaltic  oxide  in  acid?, 
give  with  potash,  a  dark-brown  precipitate  of  hydraled  cobaltic 
oxide  ;  with  ammonia,  a  brownish-red  solution  ;  with  the^^.r^rf  alka- 
line  carbonates,  a  green  solution,  which  deposits  a  small  ipiantity  of 
cobaltic  oxide  ;  with  ammonium  sulphide  (after  saturation  of  the  free 
acid  by  ammonia),  a  black  precipitate. 

For  the  detection  of  minute  quantities  of  cobalt,  the  deep  blue 
coloration  obtained  on  mixing  together  solutions  of  cobaltous  salts 
with  pota.ssium  thiocyanate,  or  the  green  coloration  developed  by 
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■the  addition  of  sodium  bicarbonate  arid  hydrogen  peroxide  may  be 
turned  to  account. 

Probably  the  most  delicate  and  characteristic  test  is  the  produc- 
tion of  a  blue  glass  when  borax  is  fused  on  a  platinum  loop  with 
any  cobalt  compound,  in  either  the  oxidising  or  reducing  flame. 


NICKEL. 

Symbol,  Ni.    Atomic  weight,  58. 

This  metal,  as  already  observed,  is  a  constant  constituent  of 
meteoric  iron.  It  is  found  in  tolerable  abundance  in  some  of  the 
metal-bearing  veins  of  the  Saxon  mountains  of  Westphalia,  in  Hesse, 
Hungary,  and  Sweden,  chiefly  as  arsenide,  NijAsg,  the  kupfernickel  of 
mineralogists,  so  called  from  its  yellowish-red  colour.  The  word 
nickel  is  a  term  of  detraction,  having  been  applied  by  the  old  German 
miners  to  what  was  looked  upon  as  a  kind  of  false  copper  ore.  The 
artificial,  or  perhaps  merely  fused  product,  called  speiss,  has  nearly 
the  same  composition.  A  valuable  source  of  nickel  has  been  found 
in  Gamierite,  a  silicate  of  nickel  and  magnesium  largely  imported 
of  late  years  from  New  Caledonia. 

From  either  of  these  substances  a  pure  salt  of  nickel  may  be 
obtained  in  the  manner  already  described  in  connection  with  cobalt- 
salts  (p.  486). 

Nickel  is  manufactured  from  the  silicate  which  contains  practically 
no  cobalt,  by  first  converting  the  metal  into  a  sulphide  and  then 
subjecting  it  to  a  series  of  alternate  roastings  and  fusions,  whereby 
the  iron  present  in  the  ore  is  eliminated,  and  the  nickel  ultimately 
obtained  in  the  form  of  pure  oxide.  This  compound  is  then  reduced 
by  mixing  it  with  flour,  and  making  the  mixture  into  cakes,  which 
are  heated  strongly  in  crucibles.  Discs  or  blocks  of  metal  are  thus 
obtained,  which,  when  pure,  can  only  be  melted  at  the  highest  tem- 
perature of  a  wind-furnace. 

The  arsenides  and  sulphides  of  nickel  contain  so  many  other 
metals,  including  cobalt,  that  a  much  more  complicated  process  is 
necessary  for  the  extraction  of  the  nickel.  In  outline  it  is  somewhat 
as  follows  : — The  ores  are  first  roasted  with  the  object  of  expelling 
arsenic  and  sulphur,  and  obtaining  oxides  of  the  metals.  These  are 
then  dissolved  out  from  the  siliceous  matters  by  means  of  hydro- 
chloric acid,  and  the  acid  solution,  partially  neutralised  by  lime,  is 
mixed  cautiously  with  bleaching  powder,  which  throws  down  the 
iron  partly  in  the  form  of  peroxide,  partly  as  arsenate.  The  filtered 
liquor  is  then  treated  with  sulphuretted  hydrogen  gas,  whereby 
copper  with  lead,  antimony,  and  bismuth,  when  present,  are  preci- 
pitated as  sulphides.  The  liquid  is  again  filtered,  and  the  cobalt  pre- 
cipitated as  peroxide  by  the  addition  of  bleaching  powder.  Finally, 
the  filtrate  is  boiled  with  lime,  and  the  oxide  of  nickel  precipitated  . 
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A  new  process,  based  upon  the  formation  and  decomposition  of  the 
remarkable  volatile  nickel-carbonyl,  Ni(CO),,  has  been  introduced 
by  Mr  Mond.  The  oxides,  containing  several  other  metals,  such  as 
copper,  iron,  and  cobalt,  as  well  as  nickel,  are  heated  gently  in  a 
stream  of  carbonic  oxide  gas,  whereby  they  are  reduced  to  the 
metallic  state.  The  nickel,  as  soon  as  it  is  liberated,  combines  with 
carbon  monoxide  and  passes  off  with  the  excess  of  that  gas  into  a 
tube  heated  by  a  furnace,  and  here  the  nickel-carbonyl  is  resolved 
into  metallic  nickel,  which  is  deposited  as  a  shining  compact  metallic 
crust  upon  the  walls  of  the  tube,  while  carbonic  oxide  passes  on  to  be 
circulated  through  the  apparatus  and  made  to  do  duty  again.  The 
other  metals  do  not  combine  in  the  same  way  with  carbonic  oxide  to 
form  volatile  compounds,  and  hence  are  left  behind  when  the  nickel 
is  carried  off. 

Metallic  nickel  is  easily  prepared  on  a  small  scale  by  exposing  the 
oxalate  to  a  white  heat,  in  a  crucible  lined  with  charcoal,  or  by 
reducing  one  of  the  oxides  by  means  of  hydrogen  at  a  high  tempera- 
ture. It  is  a  white,  malleable  metal,  having  a  density  8-8,  a  high 
melting-point,  and  a  smaller  degree  of  oxidability  than  iron,  since 
it  is  but  little  attacked  by  dilute  acids.  Nickel  is  strongly  magnetic, 
but  loses  this  property  when  heated  to  350°. 

Nickel  is  used  for  the  preparation  of  a  white  alloy,  sometimes 
called  German  silver,  made  by  melting  together  100  parts  of  copper, 
16  of  zinc,  and  40  of  nickel.  This  alloy  is  very  malleable,  and  takes 
a  high  polish. 

Alloys  of  copper  with  nickel  and  zinc,  or  with  nickel  alone,  are 
also  used  in  Germany,  Belgium,  Switzerland,  and  the  United  States, 
for  the  manufacture  of  small  coin.  The  advantages  of  nickel  coin- 
ing are  that,  nickel  being  dearer  than  copper,  the  coins  can  be  made 
smaller  for  the  same  value  ;  that  the  alloy  is  hard  and  therefore 
wears  well ;  and  further,  that  its  manufacture  requires  experienced 
■workmen  and  the  use  of  powerful  machinery. 

Another  application  is  the  electrolytic  deposition  of  nickel  on  iron, 
steel,  copper,  brass,  and  other  metals,  from  a  solution  of  nickel  sul- 
phate or  the  double  sulphate  or  chloride  of  nickel  and  ammonium, 
or  nickel  and  potassium.  The  nickel  is  deposited  in  dense  layers, 
capable  of  receiving  a  good  polish. 

Nickel  forms  only  one  class  of  salts  which  correspond  to  the 
ferrous  and  cobaltous  compounds.    The  sesquioxide  is  not  salifiable. 

Nickel  Carbonyl,  Ni(C0)4. — This  remarkable  compound  is  ob- 
tained by  passing  carbonic  oxide  gas  over  gently  heated  metallic 
nickel  in  the  porous  state  in  which  it  is  left  by  reducing  the  oxide 
at  not  too  high  a  temperature  by  hydrogen.  The  product  passes  off 
•with  the  excess  of  carbonic  oxide  gas,  but  may  be  condensed  into  a 
colourless  liquid,  which  boils  without  decomposition  at  43°.  When 
the  vapour  is  transmitted  througli  a  strongly  heated  tube  it  is  com- 
pletely resolved  into  metallic  nickel  and  carbon  monoxide  gas. 
Small  quantities  of  the  vapour  difl'used  through  that  gsis  confer  npou 
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it  the  power  of  giving,  when  burnt,  a  highly  luminous  flame,  from 
which  metallic  nickel  is  deposited  in  the  form  of  a  shining  black 
mirror  upon  a  cold  porcelain  surface  held  in  it.  No  compound  of 
corresponding  composition  has  been  obtained  witb  cobalt  or  any 
other  metal,  with  the  single  exception  of  iron,  which  yields,  though 
less  easily,  a  volatile  liquid  having  the  formula  Fe(C0)5. 

Nickel  Chloride,  NiClg,  is  easily  prepared  by  dissolving  oxide  or 
carbonate  of  nickel  in  hydrochloric  acid.  A  green  solution  is  ob- 
tained, which  furnishes  crystals  of  the  same  colour  containing  water. 
When  rendered  anhydrous  by  heat,  the  chloride  is  yellow,  unless  it 
contains  cobalt,  in  which  case  it  has  a  tint  of  green. 

Nickel  Oxides  and  Oxysalts. — Nickel  forms  two  oxides  analo- 
gous to  the  two  principal  oxides  of  iron. 

The  Monoxide,  NiO,  is  prepared  by  heating  the  nitrate  to  redness, 
or  by  precipitating  a  soluble  nickel  salt  with  caustic  potash,  and 
•washing,  drying,  and  igniting  the  apple-green  hydroxide  thrown 
down.  It  is  an  ashy-grey  powder,  freely  soluble  in  acids,  which  it 
completely  neutralises,  forming  salts  isomorphous  with  those  of 
magnesium  and  the  other  members  of  the  same  group.  Nickel  salts, 
when  hydrated,  have  usually  a  beautiful  emerald-green  colour ;  in 
the  anhydrous  state  they  are  yellow. 

The  Sesquioxide,  NigOg,  is  a  black  insoluble  substance,  prepared  by 
passing  chlorine  through  the  hydroxide  suspended  in  water  ;  nickel 
chloride  is  then  formed,  and  the  oxygen  of  the  oxide  decomposed  is 
transferred  to  a  second  portion.  It  is  also  produced  when  a  salt  of 
nickel  is  mixed  with  a  solution  of  bleaching  powder.  The  sesqui- 
oxide  is  decomposed  by  heat,  and  evolves  chlorine  when  treated  with 
hydrochloric  acid. 

Nickel  Sulphate,  NiS04,TH20. — This  is  the  most  important 
of  the  nickel  salts.  It  forms  green  prismatic  crystals,  which  require 
3  parts  of  cold  water  for  solution.  Crystals  with  6  molecules  of 
water  have  also  been  obtained.  It  forms  with  the  sulphates  of 
potassium  and  ammonium  beautiful  double  salts,  NiK2^S04)2,6H20, 
and  Ni(NH4)2(S04)2,6H20,  isomorphous  with  the  corresponding  mag- 
nesium salts. 

When  a  strong  solution  of  oxalic  acid  is  mixed  with  sulphate  of 
nickel,  a  pale  bluish-green  precipitate  of  oxalate  falls  after  some 
lime,  very  little  nickel  remaining  in  solution.  The  oxalate  can  thus 
be  obtained  for  preparing  the  metal. 

Nickel  Carbonate. — When  solutions  of  nickel  sulphate  or 
chloride  and  of  sodium  carbonate  are  mixed,  a  pale  green  precipitate 
falls,  which  is  a  combination  of  nickel  carbonate  and  hydroxide.  It 
is  readily  decomposed  by  heat. 


Nickel-salts  are  well  characterised  by  their  behaviour  with  reagents. 
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Caustic  alkalis  give  a  pale  apple-green  precipitate  of  liydroxide, 
insoluble  in  excess.  Ammonia  affords  a  Himilar  precipitate,  which 
is  soluble  in  excess,  with  deep  purplish-blue  colour.  Potassium  and 
sodium  carbonates  give  pale-green  precipitates.  Ammonium  carbonate, 
a  similar  precipitate,  soluble  in  excess,  with  blue  colour.  Potasssium 
ferrocyanide  gives  a  greenish-white  precipitate.  Potassium  cyanidn 
produces  a  green  precipitate,  which  dissolves  in  an  excess  of  the 
precipitant  to  an  amber-coloured  liquid,  and  is  reprecipitated  by 
addition  of  hydrochloric  acid.  Hydrogen  sulphide  occasions  no 
change,  if  the  nickel  be  in  combination  with  a  strong  acid.  Am- 
monium  sulphide  produces  a  black  precipitate  of  nickel  sulphide, 
which  dissolves  slightly  in  excess  of  the  precipitant,  with  dark- 
brown  colour.  Nickel  sulphide  when  once  precipitated,  is  insoluble 
in  dilute  hydrochloric  acid ;  it  is  soluble  in  nitromuriatic  and  in 
hot  nitric  acid. 
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METALS  OF  THE  CHROMIUM  GROUP. 

Chromium.  Tungsten. 
Molybdenum.  Uranium. 

This  group  of  metals  is  distinguished  by  the  remarkable  diversity 
of  their  compounds  which  show  singular  varieties  of  colour,  the 
lower  grades  of  oxidation  exhibiting  blue  or  greenish  colour,  while 
the  higher  states  of  oxidation  are  usually  indicated  by  a  yellow  or 
red  colour. 

The  lowest  series  of  chromium  compounds  correspond  in  composi- 
tion with  ferrous  salts,  but  no  similar  compounds  are  formed  by 
the  other  members  of  the  group.  The  most  marked  general 
characteristic  is  the  tendency  which  all  display  towards  the  produc- 
tion of  acidic  trioxides  and  corresponding  salts,  in  which  the  acid 
anhydride  frequently  occurs  in  excess  ;  for  example  there  are  not 
only  chromates,  MgCrO^  or  MgO.CrOg  but  aahydrochromates, 
M202Cr03  and  MaCSCrOg. 

The  valency  of  chromium  is  well  defined,  but  while  molybdenum 
tungsten  and  uranium  are  probably  also  hexads,  tliey  produce 
anomalous  oxides  and  chlorides,  e.g.,  M0CI4  and  M0CI5 ;  WCl4,WCl5, 
and  WClg;  UCl^and  UCI5. 


CHROmUM. 

Symbol,  Cr.    Atomic  weight,  52. 

Chromium  is  found  in  the  state  of  sesquioxide,  in  combination 
with  ferrous  oxide,  constituting  the  mineral  chrome-ironstone, 
FeOCr203,  corresponding  with  magnetic  iron.  Chrome  ochre,  a 
yellowish  green  earthy  substance,  occui's  somewhat  abundantly 
in  the  Shetland  Islands,  and  elsewhere.  Lead  chromate,  PbCrO^, 
constitutes  a  very  beautiful  mineral,  from  which  the  metal  was  first 
obtained.  The  metal  itself  is  obtained  in  a  half-fused  condition  by 
mixing  the  oxide  with  half  its  weight  of  charcoal  powder,  enclosing 
the  mixture  in  a  crucible  lined  with  charcoal,  and  then  subjecting 
it  to  the  very  highest  heat  of  a  powerful  furnace. 

Chromium  has  been  obtained  in  small  quantities  in  various  other 
ways,  but  the  most  successful  method  is  that  of  Moissan,  who  has 
prepared  more  than  20  kilograms  of  the  metal  by  reduction  of  the 
oxide  in  the  electric  furnace.  A  cavity  is  cut  in  a  block  of  lime- 
stone and  this  is  lined  with  carbon  and  covered  with  a  lid  of  the 
same.    Within  this  cavity  an  electric  arc,  produced  l)y  a  current 
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of  600  amperes  and  60  volts,  can  be  taken  between  carbon  rodp, 
and  when  a  mixture  of  chromic  oxide  and  carbon  in  due  proportions 
is  exposed  to  the  high  temperature  thus  produced,  2  kilos,  of  fused 
metallic  chromium  can  be  obtained  in  about  an  hour.  The  product 
contains  carbon,  but  if  this  is  broken  up,  placed  in  a  carbon  crucible 
lined  with  chromic  oxide,  covered  with  the  same  oxide  and  again 
subjected  to  the  action  of  the  arc,  metallic  chromium  is  obtained 
quite  free  from  carbon. 

Pure  chromium  is  a  white  metal  of  specific  gravity  6*92  at  20°. 
It  scratches  glass  but  not  quartz.  On  exposure  to  the  air  it  oxidises 
superficially  only,  and  afterwards  undergoes  no  further  change. 
When  heated  strongly  in  oxygen  or  in  sulphur  vapour  it  burns 
brilliantly. 

The  melting  point  of  chromium  is  considerably  higher  than 
that  of  platinum  and  cannot  be  reached  by  the  oxyhydrogen  flame. 
In  the  electric  furnace,  however,  considerable  quantities  can  be 
completely  melted  and  as  much  as  10  kilos,  has  been  melted  at 
once  and  cast  into  ingots. 

Chromium  unites  with  carbon  in  several  proportions  forming 
extremely  hard  crystalline  compounds.  The  pure  metal  is  not 
magnetic. 

Aqueous  hydrochloric  acid  and  dilute  sulphuric  acid  attack  the 
metal  very  slowly  in  the  cold  though  more  rapidly  on  heating,  with 
production  of  a  blue  chromous  salt. 

Chlorides. — Chromous  Chloride,  CrClg,  is  prepared  by  heating  the 
violet-coloured  trichloride,  contained  in  a  porcelain  or  glass  tube, 
to  redness  in  a  current  of  perfectly  dry  and  pure  h}'drogen  gas  ; 
hydrochloric  acid  is  then  disengaged,  and  a  white  foliated  mass  is  - 
obtained,  which  dissolves  in  water  with  great  elevation  of  tempera- 
ture, yielding  a  blue  solution,  which  on  exposure  to  the  air,  absorbs 
oxygen  with  extraordinary  energy,  acquiring  a  deep  green  colour, 
and  passing  into  the  state  of  chromic  oxychloride.  Chromous  chloride 
is  a  powerful  deoxidising  agent,  precipitating  calomel  from  a  solution 
of  mercuric  chloride,  instantly  converting  tungstic  acid  into  blue 
tungsten  oxide,  and  precipitating  gold  from  a  solution  of  auric 
chloride.  It  forms,  with  ammonia,  a  sky-blue  precipitate  which 
turns  green  on  exposure  to  the  air  ;  with  ammonia  and  sal-ammoniac, 
a  blue  solution  turning  red  on  exposure  to  the  air  ;  and  with  ammo- 
nium sulphide,  a  black  precipitate  of  chromous  sulphide. 

Chromic  Chloride,  CrClg  or  CrgCL,  is  obtained  in  the  anhydrous 
state  by  heating  to  redness  in  a  porcelain  tube  a  mixture  of  chromium 
sesquioxide  and  charcoal,  and  passing  dry  chlorine  gas  over  it.  The 
trichloride  sublimes,  and  is  deposited  in  the  cool  part  of  the  tube,  . 
in  the  form  of  beautiful  crystalline  plates  of  a  pale  violet  colour.  It  is 
totally  insoluble  in  water  under  ordinary  circumstances,  even  boiling. 
It  dissolves,  however,  and  assumes  the  deep  green  hydrated  state  in 
water  containing  an  exceedingly  minute  quantity  of  the  dichloride 
in  solution.    The  hydration  is  marked  by  great  rise  of  temperature. 
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The  green  hydrated  chromic  chloride  is  easily  formed  by  dissolving 
chromic  hydroxide  ia  hydrochloric  acid,  or  by  boiling  lead  chromate, 
or  silver  chromate,  or  a  solution  of  chromic  acid,  with  hydrochloric 
acid  and  a  reducing  agent,  such  as  alcohol,  or  sulphurous  acid,  or 
even  with  hydrochloric  acid  alone  : 

Cr03  +  6HC1  =  CrClj  +  SHgO  +  3C1 . 

The  solution  thus  obtained  exhibits  the  same  characters  as  the 
chromic  oxygen-salts.  When  evaporated  it  leaves  a  dark-green  syrup, 
which,  when  heated  to  100°  in  a  stream  of  dry  air,  yields  a  green 
mass  containing  Cr2Clp,,9H20.  The  same  solution  evaporated  in  a 
vacuum  yields  green  granular  crystals  containing  Cr2Cl8H20. 

Fluorides. — Cliromic  Fluoride,  CvF^  or  CroF^,  is  obtained  by  treat- 
ing the  dried  sesquioxide  with  hydrofluoric  acid,  and  strongly  heat- 
ing the  dried  mass,  as  a  dark-green  substance,  which  melts  at  a  high 
temperature,  and  sublimes  when  still  more  strongly  heated,  in 
shining  prisms. 

Ghromyl  Fluoride,  Cr02F2,  is  formed  by  distilling  lead  chromate  with 
fluor-spar  and  fuming  oil  of  vitriol  in  a  leaden  retort,  and  condensing 
the  vapours  in  a  cooled  and  dry  leaden  receiver.  It  then  condenses 
to  a  blood-red  fuming  liquid,  which  volatilises  when  its  temperature 
rises  a  few  degrees  higher.  The  vapour  is  red,  and,  when  inhaled, 
produces  violent  coughing  and  severe  oppression  of  the  lungs.  The 
oxyfluoride  is  decomposed  by  water,  yielding  hydrofluoric  acid  and 
chromium  trioxide. 

Oxides. — Chromium  forms  five  oxides,  containing  CrO,  CrjO^, 
CVjOj,  CrjOg,  and  Cr03,  the  first  three  being  analogous  in  composition 
to  the  three  oxides  of  iron. 

The  Monoxide,  or  Chromous  Oxide,  CrO,  is  formed  on  adding  potash 
to  a  solution  of  chromous  chloride,  as  a  brown  precipitate,  which 
speedily  passes  to  deep  foxy-red,  with  disengagement  of  hydrogen, 
being  converted  into  a  higher  oxide.  Chromous  oxide  forms  pale 
blue  salts,  which  absorb  oxygen  with  extreme  avidity.  Potassio- 
chromous  sulphate  has  the  composition  CrK2(S04)2,6H20,  like  the 
other  members  of  the  same  group. 

Trichromic  Tetroxide,  Cr304  CrOjCrgO^,  is  the  above-mentioned 
brownish-red  precipitate  produced  by  the  action  of  water  upon  the 
monoxide.  The  decomposition  is  not  complete  witliout  boiling. 
This  oxide  corresponds  with  the  magnetic  oxide  of  iron,  and  when 
treated  with  an  acid  yields  a  mixture  of  chromous  and  chromic  salts. 

Sesquioxide,  or  Chromic  Oxide,  Cr203. — When  mercurous  chromate, 
prepared  by  mixing  solutions  of  mercurous  nitrate  and  potassium 
chromate,  or  dichromate,  is  exposed  to  a  red  heat,  it  is  decomposed, 
pure  chromium  sescjuioxide,  having  a  fine  green  colour,  remaining. 
In  this  state  the  oxide,  like  alumina  after  ignition,  is  insoluble  in 
acids.  Tiie  anhydrous  sesquioxide  may  be  prepared  in  a  beautifully 
crystalline  form  by  heating  potassium  pyrochromate,  K20,2Cr03,  to 
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full  redness  in  an  earthen  crucible.  One-lialf  of  the  chromium  tri- 
oxide  contained  in  that  salt  then  suffers  decomposition,  oxygen  being 
disengaged,  and  sesquioxide  left.  Water  dissolves  out  from  the 
melted  mass  normal  potassium  chromate,  leaving  the  oxide.  Cliro- 
mium  sesquioxide  communicates  a  fine  green  tint  to  glaiss,  and  is 
used  in  enamel  painting.  From  a  solution  of  chromium  sesquioxide 
in  potash  or  soda,  green  gelatinous  chromic  hydroxide  separates  on 
standing.  When  finely  powdered  and  dried  over  sulphuric  acid, 
it  consists  of  CrgOgjeHgO  or  Cr2(HO)e,3H20.  A  hydroxide  may 
also  be  prepared  by  boiling  a  somewhat  dilute  solution  of  potassium 
pyrochromate  strongly  acidulated  with  hydrochloric  acid,  with  small 
successive  portions  of  sugar  or  alcohol.  In  the  former  case  carbon 
dioxide  escapes  :  in  the  latter,  aldehyde  and  acetic  acid  are  formed, 
and  the  chromium  of  the  salt  becomes  converted  into  chromic 
chloride,  the  colour  of  the  liquid  changing  from  red  to  deep  green. 
The  reduction  may  also  be  effected,  as  already  observed,  by  hydro- 
chloric acid  alone.  A  slight  excess  of  ammonia  precipitates  the 
hydroxide  from  its  solution.  It  has  a  pale  purplish -green  colour, 
■which  becomes  full  green  on  ignition  ;  a  great  shrinking  of  volume 
and  sudden  incandescence  are  observed  when  the  hydroxide  ia  decom- 
posed by  heat. 

Chromium  sesquioxide  resembles  iron  sesquioxide  and  almnina, 
with  which  it  is  isomorphous  ;  its  salts  (chromic  salts)  exist  in  two 
metameric  forms,  being  green  and  amorphous  or  purple  and  crystal- 
line. 

The  amorphous  sulphate  is  produced  by  the  action  of  heat  upon 
the  purple  salt,  and  is  gradually  reconverted  into  that  compound 
when  dissolved  in  water. 

Chromic  Sulphate,  Cr2(S04)3,  is  prepared  by  dissolving  the  hydrox- 
ide in  dilute  sulphuric  acid.  It  unites  with  the  sulphates  of  potas- 
sium and  ammonium,  giving  rise  to  magnificent  double  salts,  which 
crystallise  in  regular  octahedrons  of  a  deep  claret  colour,  and  are 
analogous  in  constitution  to  common  alum,  the  aluminium  being 
replaced  by  chromium.  The  ammonium-salt,  for  example,  has  the 
composition  Cr"'(NHJ(S04)2,12H20.  The  finest  crystals  are  obtained 
by  spontaneous  evaporation. 

Chromic  chromate,  CrO^jCrjOj,  is  a  brown  substance  obtained  by 
digesting  chromic  oxide  with  excess  of  chromic  acid,  or  by  partial 
reduction  of  chromic  acid  with  alcohol,  sulphurous  acid,  etc. 

Chromium  Trioxide,  CrOj ;  in  combination  with  water,  form- 
ing chromic  acid,  Cr03,H.O  =  H2Cr04  =  (Cr02)(OH)2.  Whenever 
chromium  sesquioxide  is  strongly  heated  with  an  alkali,  in  contact 
with  air,  oxygen  is  absorbed  and  the  trioxide  is  generated.  Chro- 
mium trioxide  may  be  obtained  nearly  pure  by  mixing  100  measures 
of  a  cold  saturated  solution  of  potassium  pyrochromate  with  150 
measures  of  oil  of  vitriol,  leaving  the  whole  to  cool,  pouring  off  the 
mother-liquor,  and  leaving  the  crystals  to  drain  upon  a  tile,  closely 
covered  by  a  glass  or  bell-jar.     Chromium  trioxide  crystallises  in 
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brilliant  crimson-red  prisms  very  deliquescent  and  soluble  in  water  : 
the  solution  is  instantly  reduced  by  contact  with  organic  matter. 

Chromic  acid  is  not  known  except  in  solution.  It  is  bibasic  and 
analogous  in  composition  to  sulphuric  acid  ;  its  salts  are  isomorphous 
with  the  corresponding  sulphate. 

Potassium  Ghromate,  K2Cr04,  or  (Cr02)(OK)2. — This  salt  is  made 
directly  from  the  native  chrome-iron  ore,  which  is  a  compound  of 
chromium  sesquioxide  and  ferrous  oxide,  analogous  to  magnetic  iron 
ore,  by  calcination  with  nitre  or  with  potassium  carbonate,  or  with 
caustic  potash,  the  ore  being  reduced  to  powder  and  heated  for  a 
long  time  with  the  alkali  in  a  reverberatory  furnace.  The  product, 
when  treated  with  water,  yields  a  yellow  solution,  which,  on  eva- 
poration, deposits  anhydrous  crystals  of  the  same  colour,  isomorphous 
with  potassium  sulphate.  Potassium  chromate  has  a  cool,  bitter,  and 
disagreeable  taste,  and  dissolves  in  2  parts  of  water  at  15'5°, 

Potassium  Bichromate,  or  Pyrochromate,  K2Cr04,Cr03,  analogous 
in  composition  to  the  pyrosulphate  (p.  136),  is  obtained  by  treating 
the  preceding  salt  with  a  moderate  quantity  of  sulphuric  acid. 
This  salt,  of  which  immense  quantities  are  manufactured  for  use  in 
the  arts,  crystallises  by  slow  evaporation  in  beautiful  red  tabular 
crystals,  derived  from  a  triclinic  prism.  It  melts  when  heated,  and 
is  soluble  in  10  parts  of  water  ;  the  solution  has  an  acid  reaction. 

Potassium  Trichromate,  K20,:}Or03  or  K2Cr04,2Cr03,  may  be  ob- 
tained in  crystals  by  dissolving  the  dichroniate  in  an  aqueous  solu- 
tion of  chromic  acid,  and  leaving  it  to  evaporate  over  sulphuric  acid. 

Lead  Chromate,  PbCrO^. — Tliis  salt,  the  chrome-ijellow  of  the 
painter,  is  obtained,  as  a  brilliant  yellow  precipitate,  on  mixing 
solutions  of  potassium  chromate  or  pyrochromate  with  lead  nitrate  or 
acetate.  On  boiling  it  with  lime-water,  one-half  of  the  acid  radicle  is 
withdrawn,  and  a  basic  lead  chromate  of  an  orange-red  colour  left. 
The  basic  chromate  is  also  formed  by  adding  lead  chromate  to  fused 
nitre,  and  afterwards  dissolving  out  the  soluble  salts  by  water  :  the 
product  is  crystalline,  and  rivals  vermilion  in  beauty  of  tint.  The 
yellow  and  orange  chrome  colours  are  fixed  upon  cloth  by  alternate 
application  of  the  chromium  and  lead  solutions,  and  in  the  latter  case 
by  passing  the  dyed  stuff  through  a  bath  of  boiling  lime-water. 

Silver  Chromate,  Ag2Cr04,  is  precipitated  as  a  reddish-brown  powder 
when  solutions  of  potassium  chromate  and  silver  nitrate  are  mixed. 
It  dissolves  in  hot  dilute  nitric  acid,  and  separates  on  cooling,  in 
small  ruby-red  platy  crystals.  The  chromates  of  barium,  zinc,  and 
mercury  are  insoluble  ;  the  first  two  are  yellow,  the  last  is  brick-red. 

Experiments. — 1.  Melt  in  an  iron  spoon  a  mixture  of  equal  parts 
of  nitre  and  potassium  carbonate,  and  to  the  melted  salts,  whilst 
continuing  the  application  of  heat,  add  finely  powdered  chrome-iron 
stone  until  the  mass  becomes  semi-solid.  Let  it  cool,  boil  in  water, 
filter,  and  add  dilute  sulphuric  acid  till  effervescence  ceases.  Tlie 
solution  should  be  yellow,  and  when  mixed  with  lead  nitrate  gives  a 
yellow  precipitate  of  lead  chromate  (mixed  witli  sulphate),  and  with 
silver  nitrate  a  red  precipitate  of  silver  chromate. 
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2.  Dissolve  5  grams  of  potassium  dicliromate  in  50  cubic  centi- 
metres of  water  ;  when  cold,  add  70  or  80  c.c.  of  strong  sulphuric 
acid,  mix  the  liquids,  and  let  the  solution  cool.  Small  crimson 
needles  of  CrOj  are  deposited. 

3.  Dissolve  in  an  evaporating  dish  10  grams  of  potassium  dicliro- 
mate in  100  c.c.  of  water,  add  10  c.c.  of  strong  sulphuric  acid,  heat 
to  boiling,  and  drop  in  gradually  13  grams  of  crystallised  oxalic  acid. 
Copious  effervescence  ensues  from  escape  of  CO,,  and  the  liquid 
becomes  green.  When  action  ceases,  let  the  solution  cool,  cover  the 
dish  to  exclude  dust,  and  leave  the  liquid  to  crystallise.  In  the 
course  of  a  few  days  the  colour  of  the  solution  will  change,  and 
violet-coloured  octahedrons  of  chrome-alum  will  be  deposited.  Com- 
pare the  form  of  those  crystals  with  that  of  common  alum. 

Perchromic  Acid  is  obtained,  according  to  Barreswil,  by  mixing 
chromic  acid  with  dilute  hydrogen  dioxide,  or  potassium  pyro- 
chromate  with  a  dilute  but  very  acid  solution  of  barium  dioxide  in 
hydrochloric  acid  ;  a  liquid  is  then  formed  of  a  blue  colour,  which 
is  removed  from  the  aqueous  solution  by  ether.  This  very  unstable 
compound  has  perhaps  the  composition  HjCrjOg,  or  CrjO-jH^O, 
analogous  to  that  of  permanganic  acid. 

Chromium  Dioxydichloride,  or  Cliromyl  Dichloride,  Cr02C]2, 
formerly  called  Ghlorochromic  Acid. — When  3  parts  of  potassium 
3)yrochromate  and  3  parts  of  common  salt  are  intimately  mixed  and 
introduced  into  a  small  glass  retort,  9  parts  of  oil  of  vitriol  then 
added,  and  heat  applied  as  long  as  dense  red  vapours  arise,  this  com- 
pound passes  over  as  a  heavy  deep  red  liquid  resembling  bromine  ; 
it  is  decomposed  by  water,  with  production  of  chromic  and  hydro- 
chloric acids.  It  is  analogous  to  the  so-called  chloromolybdic, 
chlorotungstic,  and  chlorosulphuric  acids  in  composition,  and  in  the 
products  which  it  yields  when  decomposed.  It  may  be  regarded  as 
formed  from  the  trioxide  by  substitution  of  Clg  for  0,  or  from 
chromic  acid,  (Cr02)(OH)2,  by  substitution  of  CL  for  (0H)2 ;  also  as 
a  compound  of  chromium  hexchloride  (not  known  in  the  separate 
state)  with  chromium  trioxide  :  CrC](j,2Cr03  =  3Cr02Cl2. 

Trichromyl  Dichloride,  (Cr02)3Cl2  or  CrO2Cl.CrO2.0rO2Cl,  is  formed 
by  heating  the  preceding  compound  to  180-190°  in  a  sealed  tube  : 
3Cr02Cl2  =  (Cr 02)3012-1-014.  It  is  a  black  non-crystalline  powder, 
which  deliquesces  rapidly  in  the  air  to  a  dark  reddish-brown  syrupy 
liquid  smelling  of  free  chlorine.  When  gently  heated  in  hydrogen 
gas  it  takes  fire,  and  is  resolved  into  chromium  sesquioxide,  hydro- 
chloric acid,  and  water  : 

2Cr30oCl2  +  lOH  =  30r203  +  4H01  +  ZH^O. 


Reactions  of  CJiromiuvi  Compounds. — A  solution  of  chromic 
chloride,  or  a  chromic  oxygen  salt,  is  not  precii^itated  or  changed  in 
any  way  by  hydrogen  sulphide.    Ammonium  sidphide  throws  down 
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a  greyish-green  precipitate  of  chromic  hydroxide.  Caustic  fixed 
alkalis  also  precipitate  the  hydroxide,  and  dissolve  it  easily  when 
added  in  excess.  Ammonia,  the  same,  but  nearly  insoluble.  The 
carbonates  of  potassium,  sodium,  and  ammonium  also  throw  down  a 
green  precipitate  of  hydroxide,  slightly  soluble  in  a  large  excess. 

Chromous  salts  are  but  rarely  met  with  ;  for  their  reactions,  see 
Chromous  Chloride,  p.  496. 

Chromic  acid  and  its  salts  are  easily  recognised  in  solution  by 
forming  a  pale  yellow  precipitate  with  barium  salts,  bright  yellow 
with  lead  salts,  brick-red  with  mercurous  salts,  and  crimson  with 
silver  salts ;  also  by  their  capability  of  yielding  the  green  sesquioxide 
by  reduction. 

All  chromium  compounds,  ignited  with  a  mixture  of  nitre  and  an 
alkaline  carbonate,  yield  an  alkaline  chromate,  which  may  be  dis- 
solved out  by  water,  and  on  being  neutralised  with  acetic  acid  will 
give  the  reactions  just  mentioned. 

The  oxides  of  chromium  and  their  salts,  fused  with  borax  in  either 
blow-pipe  flame,  yield  an  emerald-green  glass.  The  same  character  is 
exhibited  by  those  salts  of  chromic  acid  whose  bases  do  not  of  them- 
selves impart  a  decided  colour  to  the  bead.  The  production  of  the 
green  colour  in  both  flames  distinguishes  chromium  from  uranium 
and  vanadium,  which  give  green  beads  in  the  inner  flame  only. 


MOLYBDENUM. 

Symbol,  Mo.    Atomic  weight,  96. 

This  metal  occurs  in  small  quantity  as  sulphide,  or  molybdenite,  and 
as  lead  molybdate,  or  wulfenite. 

Metallic  molybdenum  has  been  obtained  by  Moissan  by  a  process 
corresponding  to  that  used  in  the  case  of  chromium,  using  a  mixture 
of  the  dioxide  and  a  small  proportion  of  sugar  charcoal.  Pure  fused 
molybdenum  is  as  malleable  as  iron,  files  and  polishes  readily,  and 
will  not  scratch  glass  or  rock  crystal.  Its  specific  gravity  is  9"01. 
If  free  from  carbon  and  silicon,  it  undergoes  but  little  change  in 
the  air  below  a  red  heat ;  at  a  high  temperature  it  burns  with 
production  of  molybdic  anhydride. 

Molybdenum  unites  with  carbon,  and  the  compound,  containing 
977  to  9  90  per  cent,  of  carbon,  is  very  hard,  and  scratches  steel  and 
glass.    Its  specific  gravity  is  8-6. 

Chlorides. — Molybdenum  forms  four  chlorides,  containing  MoClj 
or  M02CI4,  M0CI3  or  MojCle,  M0CI4,  and  MoCl^  or  Mo^Cljo. 

The  pentachloride  is  produced  when  metallic  molybdenum  (pre- 
viously freed  from  oxide  by  ignition  in  hydrogen  chloride)  is  heated 
for  some  time  in  a  stream  of  dry  chlorine  gas. 
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The  pentachloride,  heated  to  about  250°  in  a  stream  of  hydrogen, 
is  reduced  to  the  red,  difficultly  volatile  trichloride,  M0CI3  or 
MogClg ;  and  this  compound,  heated  to  redness  in  an  atmosphere 
of  carbon  dioxide  free  from  oxygen,  is  resolved,  according  to  the 
equation  Mo2Clg=MoC]2  +  MoCl4,  into  the  yellow  dichloridewhich 
remains  in  the  tube,  and  the  brown  tetrachloride  which  sublimes 
or  is  carried  forward  by  the  stream  of  gas. 

Of  these  four  chlorides  the  pentachloride  is  the  only  one  which 
crystallises  distinctly,  and  melts  and  volatilises  without  decomposi- 
tion. The  pure  pentachloride  is  black.  Its  vapour  has  a  dark 
brown-red  colour.  The  sulphur-yellow  dichloride  and  the  red  tri- 
chloride, which  is  deceptively  like  red  phosphorus,  have  been 
obtained  only  in  the  amorphous  state  ;  the  tetrachloride  is  an  indis- 
tinctly crystalline  brown  sublimate.  In  an  atmosphere  of  carbon 
dioxide  the  dichloride  bears  a  bright  red  heat  without  melting  or 
volatilising  ;  the  trichloride  under  the  same  circumstances  is  resolved 
into  di-  and  tetra-chloride,  which,  when  again  heated,  splits  up  into 
pentachloride  which  sublimes,  and  trichloride  which  remains  behind. 

The  di-  and  tri-chloride  are  quite  permanent  in  the  air  at  ordinary 
temperatures,  and  insoluble  in  water  ;  the  tetra-  and  penta-chloride, 
on  the  other  hand,  are  extremely  susceptible  of  the  action  of  oxygen, 
and  more  particularly  of  moisture. 

The  dichloride  is  insoluble  in  nitric  acid,  which,  however,  dis- 
solves all  the  other  chlorides.  The  dichloride  dissolves  easily  in  hot 
hydrochloric  acid,  with  aid  of  heat,  and  crystallises  therefrom  on 
cooling,  in  long,  shining,  yellow  needles,  MojCl^SHgO,  which  give 
off  2H2O  at  100°. 

The  bromides  of  molybdenum  correspond  in  composition  with  the 
chlorides  ;  there  is  also  an  oxybromide  containing  MoBr202. 

Fluorides.— Molybdenum  forms  three  fluorides,  MoF,,  MoF.,  and 
MoFg,  which  are  obtained  by  dissolving  the  corresponding  oxides  in 
hydrofluoric  acid.  The  hexjluoride  is  not  known  in  the  free  stat-e, 
but  only  in  combination  with  basic  metallic  fluorides  and  molyb- 
dates  ;  thus  there  is  a  potassium  salt  described  by  Berzelius,  contain- 
ing 2KF,MoFo-f-K20,Mo03. 

Oxides. — Molybdenum  forms  four  oxides,  MoO,  M02O3,  MoOj,  and 
M0O3,  besides  several  oxides  intermediate  between  the  last  two, 
which  may  be  regarded  as  molybdic  molybdates. 

Monoxide,  MoO,  is  known  only  in  the  form  of  a  black  hydrate, 
which  has  been  but  slightly  examined. 

Sesquioxide,  MojOj,  is  produced  when  zinc  is  immersed  in  a  con- 
centrated solution  of  an  alkaline  molybdate  mixed  with  a  quantity 
of  hydrochloric  acid  sufficient  to  redissolve  the  precipitate  first 
thrown  down.  The  dark-coloured  solution  thus  obtained  is  mixed 
with  a  large  quantity  of  caustic  potash,  which  precipitates  a  black 
hydrated  oxide,  and  retains  the  zinc  oxide  in  solution.  The  freshly 
precipitated  hydroxide  is  soluble  in  acids  and  ammonium  carbonate; 
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when  heated  in  the  air  it  burus  to  dioxide,  but  when  dried  in  a 
vacuum  it  leaves  the  black  anhydrous  monoxide. 

Dioxide,  MoOj,  is  obtained  in  the  anhydrous  state  by  heating 
niolybdic  trioxide  in  hydrogen  ;  or,  in  the  hydrated  state,  by  digest- 
ing metallic  copper  in  a  solution  of  molybdic  acid  in  hydrochloric 
acid,  until  the  liquid  assumes  a  red  colour,  and  then  adding  a  large 
excess  of  ammonia.  The  anhydrous  dioxide  is  deep  brown,  and  in- 
soluble in  acids  ;  the  hydroxide  resembles  ferric  hydroxide,  and  dis- 
solves in  acids,  yielding  red  solutions.  It  is  converted  into  molybdic 
acid  by  strong  nitric  acid. 

Trioxide,  M0O3. — To  obtain  this  oxide  (commonly  called  molybdic 
acid)  native  molybdenum  sulphide  is  roasted,  at  a  red  heat,  in  an 
open  vessel,  and  the  impure  molybdic  trioxide  thence  resulting  is 
dissolved  in  ammonia.  The  filtered  solution  is  evaporated  to  dry- 
ness, and  the  salt  is  taken  up  by  water  and  purified  by  crystallisation. 
It  is,  lastly,  decomposed  by  heat,  and  the  ammonia  expelled.  The 
trioxide  may  also  be  prepared  by  decomposing  native  lead  molybdate 
Avith  sulphuric  acid.  It  is  a  white  crystalline  powder,  fusible  at  a 
red  heat,  and  slightly  soluble  in  water.  The  solution  contains 
molybdic  acid,  and  crystals  having  the  composition  H2M0O4  are  some- 
times deposited  from  ammonium  molybdate  mixed  with  nitric  acid. 
The  trioxide  is  easily  dissolved  by  alkalis,  and  forms  two  series  of 
salts,  viz.,  normal  or  neutral  Tnohjbdates,  R2M0O4,  or  RjOjMoOg,  and 
anhydromolybdates,  bimolybdates,  or  pyivmolybdates,  RjMoOjiMoOj,  or 
R20,2Mo03,  the  symbol  R  denoting  a  univalent  method.  The  neutral 
molybdates  of  the  alkali  metals  are  easily  soluble  in  water,  and  their 
solutions  yield,  with  the  stronger  acids,  a  precipitate,  either  of  a  less 
soluble  bimolybdate,  or  of  the  anhydrous  trioxide.  The  other  molyb- 
dates are  insoluble,  and  are  obtained  by  precipitation.  Lead  molybdate, 
PbMo04,  occurs  native  in  yellow  quadratic  plates  and  octahedrons. 

Phosphomolybdic  Acid,  48Mo03.P40iQ.6H20.a;aq. — When  an  excess 
of  ammonium  molybdate  is  added  to  an  acid  solution  of  any  phos- 
phate a  yellow  precipitate  is  formed  which  is  probably  variable  in 
composition.  Wolcott  Gibbs  regards  it  as  a  derivative  of  the 
above  compound,  namely,  as  48Mo03.P40io.5(NH4)20.H20.16aq.  It 
is  not  improbable  that  the  real  amount  of  ammonium  present  is 
6NH4,  and  in  that  case  the  formula  may  be  simplified  by  dividing 
the  whole  by  four  : — 

12Mo03.(NH4)3P04.4H20. 

Tlie  percentage  composition  represented  by  the  two  formuhc  is 
nearly  the  same. 

This  compound  is  of  considerable  importance,  as  its  production 
affords  the  means  of  separating  small  quantities  of  phosplioric  acid 
from  any  acid  solution.  A  similar  compound  is  formed  by  arsenic 
acid.  These  compounds  are  soluble  in  solution  of  ammonia,  and  on 
adding  a  mixture  of  magnesium  su]i)hate  and  ammonium  chloride 
to  the  liquid  a  precipitate  is  obtained  of  the  ammonio-magnesium 
phosphate  or  arsenate. 

Sulphides. — Molybdenum  forms  three  sulphides,  MoSj,  M0S3, 
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and  M0S4,  tlie  last  two  of  which  are  acid  sulpliide?,  forming  sulphur- 
salts.  The  disid'phide,  or  molyhdic  sulphide,  MoSg,  occurs  native,  as 
molybdenite,  in  crystallo-laminar  masses,  or  tabular  crystals,  having 
a  strong  metallic  lustre  and  lead-grey  colour,  and  forming  a  grey- 
streak  on  paper,  like  plumbago.  The  same  compound  is  produced 
ai'tificially  by  heating  either  of  the  higher  sulphides,  or  by  igniting 
the  trioxide  with  sulphur.  When  roasted  in  contact  with  the  air,  it 
is  converted  into  trioxide. 

The  trisulphide,  M0S3,  is  obtained  by  passing  hydrogen  sulphide 
into  a  concentrated  solution  of  an  alkaline  molybdate,  and  precipi- 
tating with  an  acid.  It  is  a  black-brown  powder,  which  is  dissolved 
slowly  by  alkalis,  more  easily  by  alkaline  sulphides  and  sulphj'drates, 
forming  sulphur-salts  called  thiomolybdates.  Most  of  these  salts  have 
the  composition  RjMoSj,  or  R2S,MoS3,  analogous  to  that  of  the 
molybdates.  The  thiomolybdates  of  the  alkali-metals,  alkaline 
earth-metals,  and  magnesium,  are  soluble  in  water,  forming  solutions 
of  a  fine  red  colour  ;  the  rest  are  insoluble. 

Tetrastilphide,  M0S4. — This  is  also  an  acid  sulphide,  forming  salts 
called  perthiomolybdates,  the  general  formula  of  which  is  RoMoS-,  or 
RjSjMoS^.  The  potassium  salt  is  obtained  by  boiling  the  tliio- 
molybdate  with  molybdenum  trisulphide. 

Reactions  of  Molybdenum  Compounds. — M  olybdates  are  usually 
colourless.  Solutions  of  the  alkaline  molybdates  yield  with  acids  a 
precipitate  of  molybdic  trioxide,  soluble  in  excess  of  the  precipitant. 
Tliey  are  coloured  yellow  by  hydrogen  sulphide,  from  formation  of  a 
thiomolybdate  of  the  alkali-metal,  and  then  yield  with  acids  a 
brown  precipitate  of  molybdenum  trisulphide.  This  is  an  extremely 
delicate  test  for  molybdic  acid. 

Metallic  zinc  or  stannous  chloride,  added  to  a  solution  of  molybdic 
acid  in  hydrochloric  acid,  colours  it  blue,  then  green,  then  dark 
brown,  in  consequence  of  reduction.  When  ortho-phosphoric  acid, 
or  a  liquid  containing  it,  is  added  to  the  solution  of  ammonium 
molybdate,  together  with  an  excess  of  nitric  acid,  the  liquid 
turns  yellow,  and  after  a  while  deposits  a  yellow  jirecipitate  of 
molybdic  trioxide,  combined  with  small  quantities  of  phosphoric 
acid  and  ammonia.  This  precipitate  is  soluble  in  ammonia,  and 
likewise  in  excess  of  the  phosphate.  The  reaction  is  therefore 
especially  adapted  for  the  detection  of  small  quantities  of  phosphoric 
acid.  The  pyrophosphates  and  metaphosphates  do  not  produce  the 
yellow  j)recipitate.    Arsenic  acid  gives  a  similar  reaction. 

All  the  oxides  of  molybdenum  form,  with  borax,  in  the  outer 
blow-pipe  flame,  a  bead  which  is  yellow  while  hot,  and  colourless 
on  cooling  ;  in  the  inner  flame  a  dark-brown  bead,  which  is  opaque 
if  excess  of  molybdenum  is  present.  By  long  continued  heating  the 
dioxide  may  be  separated  in  dark-brown  flakes,  floating  in  the  clear 
yellow  glass.  With  phosphorus  salt  in  the  outer  flame,  all  oxides  of 
molybdenum  give  a  bead  which  is  greenish  while  hot,  and  colourless 
on  "cooling  ;  in  the  inner  flame  a  clear  green  bead,  from  which 
molybdic  oxide  cannot  be  separated  by  continued  heating. 
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TUNGSTEN,  01  WOLFRAM. 

Symbol,  W.    Atomic  weight,  184. 

Tungsten  is  found,  as  ferrous  tungstate,  in  tlie  mineral  wolfram, 
tolerably  abundant  in  Cornwall ;  occasionally  also  as  calcium  tung- 
state (scheelite  or  tungsten),  and  as  lead  tungstate  {scheeletine). 

Tungsten,  like  chromium  and  molybdenum,  has  been  obtained  by 
reduction  of  the  oxide  in  the  electi'ic  furnace.  If  the  oxide  has  been 
present  in  excess  the  metal  is  pure.  It  is  brilliant  and  very  hard 
and  requires  for  fusion  a  very  high  temperature.  Its  specific  gravity 
is  18-7. 

Steel,  alloyed  with  a  small  quantity  of  tungsten,  acquires  extra- 
ordinary hardness.  Tungsten  has  also  a  remarkable  effect  on  steel 
in  increasing  its  power  of  retaining  magnetism  when  hardened.  A 
horse-shoe  magnet  of  ordinary  steel,  weighing  two  pounds,  is 
considered  of  good  quality  when  it  bears  seven  times  its  own  weight ; 
but,  according  to  Siemens,  a  similar  magnet  made  with  steel  contain- 
ing tungsten  may  be  made  to  carry  twenty  times  its  weight  suspended 
from  the  armature. 

Tungsten  forms  two  classes  of  compounds,  in  which  it  is  quad- 
rivalent and  sexvalent  respectively,  and  a  third  class,  of  intermediate 
composition,  in  which  it  is  apparently  quinquivalent. 

Chlorides. — These  compoiinds  are  formed  by  heating  metallic 
tungsten  in  chlorine  gas.  The  hexchloride,  or  tungstic  chloride, 
WClg,  is  also  produced,  together  with  oxychlorides,  by  the  action  of 
chlorine  on  an  ignited  mixture  of  tungstic  oxide  and  charcoal.  The 
oxychlorides,  being  more  volatile  than  the  hexchloride,  may  be  sepa- 
rated from  it  by  sublimation.  The  hexchloride  forms  dark-violet 
scales  or  fused  crusts  having  a  bluish-black  metallic  iridescence.  By 
contact  with  water  or  moist  air,  it  is  converted  into  hydrochloric  and 
tungstic  acids.  The  chlorides,  WCI5,  WCI4,  and  WClj,  are  formed 
when  the  hexchloride  is  heated  in  hydrogen  gas.  The  two  former 
are  crystalline  :  the  dichloride  is  a  loose  grey  powder,  destitute  of 
crystalline  structure. 

A  pentahromide  and  hexbromide  are  formed  by  the  action  of 
bromine  in  excess  on  tungsten.  No  fluoride  of  tungsten  has  been 
isolated,  but  a  number  of  oxyfluorides  are  known. 

Oxides.— Tungsten  forms  three  oxides,  WOo,  WO3,  and  W2O,., 
neither  of  which  exhibits  basic  properties,  so  that  tliere  are  no 
tungsten  salts  in  which  tlie  metal  replaces  the  hydrogen  of  an  acid, 
or  takes  the  electro-positive  part.  The  trioxido  exhibits  decided 
acid  tendencies,  uniting  with  basic  metallic  oxides,  and  forming 
crystallisable  salts  called  tungstates.  The  pentoxide  may  be  regarded 
a^  a  compound  oF  the  other  two. 

The  Dioxide,  or  Tungslous  Oxide,  WO^  or  W2P4,  is  most  easily  pre; 
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pared  by  exposing  tuiigstic  oxide  to  hydrogen,  at  a  temperature  not 
exceeding  dull  redness.  It  is  a  brown  powder,  sometimes  assuming  a 
crystalline  appearance  and  an  imperfect  metallic  lustre.  It  takes 
lire  when  heated  in  the  air,  and  burns  like  the  metal  itself,  to 
tungstic  oxide.    It  forms  a  definite  compound  with  soda. 

The  Trioxide,  or  Tungstic  Oxide,  WO3,  is  most  easily  prepared  from 
native  calcium  tungstate  by  digestion  in  nitric  or  hydrochloric  acid, 
the  soluble  calcium  salt  thereby  produced  being  washed  out  with 
water,  and  the  remaining  tungstic  acid  ignited.  From  wolfram  it 
may  be  prepared  by  repeatedly  digesting  the  mineral  in  strong 
hydrochloric  acid,  ultimately  with  addition  of  a  little  nitric  acid,  to 
dissolve  out  the  iron  and  manganese  ;  dissolving  the  remaining 
tungstic  acid  in  aqueous  ammonia  ;  evaporating  to  dryness  ;  and 
heating  the  residual  ammonium  tungstate  in  contact  with  the  air. 
Tungstic  oxide  is  a  yellow  powder  insoluble  in  water,  and  in  most 
acids,  but  soluble  in  alkalis.  The  hot  solutions  of  the  resulting 
alkaline  tuugstates,  when  neutralised  with  an  acid,  yield  a  yellow 
precipitate  of  tungstic  monoliydrate  or  tungstic  acid,  HjWO^  or 
H20,W03.  Cold  dilute  solutions,  on  the  other  hand,  yield  with 
acids  a  white  precipitate,  consisting  of  tungstic  dihydrate,  or  hydrated 
tungstic  acid,  2H20,W03  or  HjWO^jHjO.  Tungstic  acid  reddens 
litmus  and  dissolves  easily  in  alkalis. 

Tungstate  s. — Tungstic  anhydride  unites  with  basic  oxides  in 
various  and  often  in  very  unusual  proportions.  It  is  capable  of 
existing  also  in  two  isomeric  modifications,  viz. — (1)  Ordinary  tung- 
stic acid,  which  is  insoluble  in  water,  and  forms  insoluble  salts  with 
all  metals,  except  the  alkali-metals,  and  magnesium  ;  (2)  Meta- 
tungstic  acid,  which  is  soluble  in  water,  and  forms  soluble  salts  with 
nearly  all  metals.  Ordinary  tungstic  acid  forms  normal  salts  con- 
taining MjWO.  or  MgOjWOg,  and  acid  salts  containing  3MoO,7W03, 
which  may  pernaps  be  regarded  as  double  salts  composed  of  diacid 
and  triacid  tungstates,  that  is,  as  2(M20,2W03)-|-M20,3W03.  The 
tungstates  of  potassium  and  sodium,  especially  the  latter,  are  some- 
times used  as  mordants  in  dyeing,  in  place  of  stannates  ;  also  for 
rendering  muslin  and  other  light  fabrics  uninflammable.  Tungstous 
tungstate,  W02,W03,  which  has  the  composition  of  tungsten pentoxide, 
W2O5,  is  a  blue  substance  formed  by  reducing  tungstic  oxide  or 
tungstic  acid  with  zinc  and  hydrochloric  acid;  also  by  heating 
ammonium  tungstate  to  redness  in  a  retort. 

Metatungstates. — These  salts,  which  have  the  composition  of  quadr- 
acid  tungstates,  M20,4W03,  are  formed  from  ordinary  tungstates  by 
addition  of  tungstic  acid,  or  by  removing  part  of  the  basic  oxide  by 
means  of  an  acid.  They  are  for  the  most  part  soluble  and  crystallis- 
able.  By  decomposing  barium  metatungstate  with  dilute  sulphuric 
acid,  and  evaporating  the  filtrate  in  a  vacuum,  hj'drated  metatungstic 
acid  is  obtained  in  quadratic  octahedrons,  apparently  containing 
H2W4O13, 3IH2O  ;  it  is  very  soluble  in  water. 

Silicotung  states. — By  boiling  gelatinous  silica  with  acid 
potassium  tungstate,  a  crystalline  salt  is  obtained,  having  the 
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composition  of  a  diacid  potassium  tungstate,  6(K20,2W03),  or 
Ki20g,12W03,  in  wLich  one-third  of  the  potassium  oxide  is  replaced 
by  silica,  viz.,  K8SiOo,12W03,  or  4K20.Si02.12W03.  The  resulting 
solution  yields  with  raercurous  nitrate  a  precipitate  of  mercurous 
silicotung state  ;  this,  when  decomposed  by  an  equivalent  quantity  of 
hydrochloric  acid,  yields  a  solution  of  hydrogen  silicotungstate,  or 
silicotungstic  acid  ;  and  the  other  silicotungstates,  which,  are  all 
soluble,  are  obtained  by  treating  the  acid  with  carbonates. 

Silicodec-itiuigstic  Acid,  H8SiOg,10WO3,  or  4H20.Si02. 
IOWO3,  is  obtained  as  an  ammonium  salt  by  boiling  gelatinous  silica 
with  solution  of  acid  ammonium  tungstate  ;  and  from  this,  the  acid, 
and  its  other  salts  may  be  obtained  in  the  same  manner  as  the  pre- 
ceding. The  silico-decitungstates  are  very  unstable,  and  the  acid 
is  decomposed  by  mere  evaporation,  depositing  silica,  and  being 
converted  into  tungstosilicic  acid,  which  is  isomeric  witli 
silicotungstic  acid,  and  likewise  decomposes  carbonates.  All  three  of 
these  acids  are  capable  of  exchanging  either  one-half  or  the  whole 
of  their  basic  hydrogen  for  metals,  thereby  forming  acid  and  neutral 
salts  ;  silicotungstic  acid  also  forms  an  acid  sodium  salt  in  which 
only  one-fourth  of  the  hydrogen  is  replaced  by  sodium. 

Tungsten  Sulphides. — The  Disulyhide,  or  Tungstous  Sulphide, 
WS2,  is  obtained  in  soft,  black,  needle-shaped,  crystals  by  igniting 
tungsten,  or  one  of  its  oxides,  with  sulphur. 

The  Trisulphide,  or  Tungstic  Sulphide,  WS3,  is  formed  by  dissolving 
tungstic  acid  in  ammonium  sulphide,  and  precipitating  with  an  acid, 
or  by  adding  hydrochloric  acid  to  the  solution  of  an  alkaline  tung- 
state saturated  with  hydrogen  sulphide.  It  is  a  light-brown  precipi- 
tate, turning  black  when  dry.  It  unites  easily  with  basic  metallic 
sulphides,  forming  the  thiotungstates,  M2WS4,  analogous  to  the  normal 
tungstates. 


Reactions  of  Tungsten  Compounds. — Hydrochloric  acid,  added  to  solu- 
tions of  ordinary  tungstates,  throw  down  a  white  precipitate  of 
tungstic  acid  which  becomes  yellow  on  boiling  and  is  insoluble  in 
excess  of  acid  ;  with  metatungstates  no  precipitate  is  obtained.  Sol- 
uble tungstates,  or  metatungstates,  supersaturated  with  sulphuric, 
hydrochloric,  phosphoric,  oxalic,  or  acetic  acid,  yield,  on  the  intro- 
duction of  a  piece  of  zinc,  a  beautiful  blue  colour,  arising  irom  the 
formation  of  blue  tungsten  oxide,  "WjOg.  A  soluble  tungstate,  mixed 
with  ammonium  sulphide,  and  then  Avith  excess  of  acid,  yields  a  light- 
brown  precipitate  of  tungstic  sulphide  soluble  in  ammonium  sulphide. 
Hydrogen  sulphide  does  not  precipitate  the  acidulated  solution  of  a 
tungstate,  but  turns  it  blue,  owing  to  the  formation  of  the  blue  oxide. 
Ordinary  tungstates  give,  with  potassium  ferrocyanide,  after  addition 
of  hydrochloric  acid,  a  brown  flocculent  precipitate,  soluble  in  pure 
water  free  from  acid  ;  metatungstates  give  no  precipitates. 

All  tungsten  compounds  form  colourless  beads  with  borax  and 
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phosphorus  salt,  in  the  outer  blow-pipe  flame.  With  borax,  in  the 
inner  flame,  they  form  a  yellow  glass,  if  the  quantity  of  tungsten  is 
somewhat  considerable,  but  colourless  with  a  smaller  quantity. 
With  phosphorus  salt  in  the  inner  flame  they  form  a  glass  of  a  pure 
blue  colour,  unless  metallic  oxides  are  present,  which  modify  it ;  in 
presence  of  iron  the  glass  is  blood-red,  but  the  addition  of  metallic 
tin  renders  it  blue. 


This  metal  is  found  in  pitchblende,  an  oxide,  UOjS  UO3,  which  is  its 
principal  ore.  It  also  occurs  in  the  several  minerals  included  under 
tlie  name  uraninite,  which  consist  chiefly  of  uranate  of  lead,  often 
associated  with  the  rare  metals  thorium,  yttrium,  etc.  The  metal  itself 
is  isolated  by  decomposing  the  chloride  with  potassium  or  sodium, 
and  is  obtained  as  a  black  coherent  powder,  or  in  fused  white  mal- 
leable globules,  according  to  the  manner  in  which  the  process  is  con- 
ducted. It  is  permanent  in  the  air  at  ordinary  temperatures,  and 
does  not  decompose  water  ;  but  in  the  pulverulent  state  it  takes  fire 
at  207°,  burning  with  great  splendour  and  forming  a  dark-green  oxide. 
It  unites  also  very  violently  with  chlorine  and  with  sulphur. 

The  metal  in  combination  with  carbon  is  obtained  by  reduction  of 
the  oxide  in  the  electric  furnace  :  it  is  then  very  hard  with  a  brilliant 
fracture  and  melting  point  higher  than  that  of  platinum,  but  it  decom- 
l^oses  water  at  the  ordinary  temperature. 

Uranium  forms  two  chief  classjes  of  compounds  :  viz.,  the  ur  a  n  o  u's 
compounds,  in  which  it  is  quadrivalent,  e.g.,  UCI4,  UOg,  U(S04)2, 
etc., and  the  uranic  compounds,  in  which  it  is  sexvalent,  e.g., 


There  are  also  two  oxides  intermediate  between  uranous  and  uranic 
oxide.  There  is  no  chloride,  bromide,  iodide,  or  fluoride  corresponding 
with  uranic  oxide,  such  as  UCl^  :  neither  are  there  any  normal  uranic 
oxysalts,  such  as  U(N03)e,  U(S04)3,  etc.;  but  all  the  uranic  salts  con- 
tain the  group  UO2,  which  may  be  regarded  as  a  bivalent  radicle 
(uranyl),  uniting  with  acids  in  the  usual  proportions,  and  forming 
normal  salts  ;  thus — 


Haloid  Compounds. — Uranous  Cldoride,  UCI4,  is  formed,  with 
vivid  incandescence,  by  burning  metallic  uranium  in  chlorine  gas, 
also  by  igniting  uranous  oxide  in  hydrochloric  acid  gas,  and,  lastly, 
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UO3,  UO2CI2,  UO^CNOa)^,  U02(S04). 
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by  heating  iiranoso-uranic  oxule  with  charcoal  in  a  current  of  chlorine. 
It  crystallises  in  dark-green  regular  octahedrons,  and  dissolves  easily 
in  water,  forming  an  emerald-green  solution,  which  is  decomposed 
when  dropped  into  boiling  water,  giving  off  hydrochloric  acid,  and 
yielding  a  brown  precipitate  of  hydrated  uranous  oxide.  It  is  a 
powerful  deoxidising  agent,  reducing  gold  and  silver,  converting  ferric 
salts  into  ferrous  salts,  etc.  Its  vapour-density,  determined  by  V. 
Meyer's  method,  was  found  to  be  13"33  (air=  1),  which  agrees  closely 
with  the  theoretical  number  13"21  deduced  from  the  atomic  weight 
of  uranium,  239.  When  heated  in  hydrogen  gas  this  compound  is 
reduced  to  a  lower  chloride,  UCI3,  or  more  probably  U2Clfl,  a  dark- 
brown  powder. 

Uranic  Oxychloride,  or  Uranyl  Chloride,  UO2CI2,  is  formed  when 
dry  chlorine  gas  is  passed  over  red-hot  uranous  oxide,  as  an  orange- 
yellow  vapour,  which  solidifies  to  a  yellow  crystalline  fusible  mass, 
easily  soluble  in  water.  It  forms  double  salts  with  the  chlorides  of 
the  alkali-nietals, — the  potassium  salt,  lor  example,  having  the  com- 
position UO,,Cl2,2KCl,2H20. 

Uranic  CJiloride,  UCI5,  or  more  probably  UjCljo,  is  obtained  as  a 
red  crystalline  substance  with  metallic  reflection,  or  as  a  brown 
powder  by  passing  chlorine  gas  through  a  heated  mixture  of  carbon 
with  any  oxide  of  uranium.  It  is  not  volatile  without  decomposi- 
tion, and  hence  its  molecular  weight  has  not  been  determined. 

Uranous  Bromide,  UBT^,  is  prepared  by  heating  a  mixture  of 
urauoso-uranic  oxide  and  charcoal  in  a  current  of  carbon  dioxide 
laden  with  bromine-vapour,  and  collects  on  the  cooler  parts  of  the 
tube  in  black  glistening  leaflets,  which  are  converted  by  heat  into  a 
brown  vapour,  and  may  be  sublimed  unchanged.  It  is  extremely 
hygroscopic.  Vapour-density,  by  experiment,  19"46,  by  calculation, 
19'36  (Zimmermann). 

Fluorides. — Uranoso-uranic  oxide,  U3O8,  treated  with  aqueous 
hydrofluoric  acid,  yields  a  bulky  green  powder  consisting  of  uran- 
ous fluoride,  UF^,  and  a  yellow  solution  which,  on  evaporation, 
leaves  uranic  oxy  fluoride  or  uranyl  fluoride,  UO2F2. 
An  isomeric  compound  is  formed  as  a  white  sublimate  when  uranous 
fluoride  is  heated  in  the  air. 

Oxides. —  Uranous  Oxide,  UOg,  formerly  mistaken  for  metallic 
uranium,  is  obtained  by  heating  the  oxide,  UjOg,  or  uranic  oxalate, 
in  a  current  of  hydrogen.  It  is  a' brown  powder,  sometimes  highly 
crystalline.  In  the  finely  divided  state  it  is  pyrophoric.  It  dis- 
solves in  acids,  forming  green  salts. 

Uranoso-uranic  Oxide,  U.^Og=  U02,2U03. — -This  oxide  forms  the 
chief  constituent  of  pitchblende.  It  is  obtained  artificially  by  ignit- 
ing the  metal  or  uranous  oxide  in  contact  with  the  air,  or  by  gentle 
ignition  of  uranic  oxide  or  uranic  nitrate.  It  forms  a  dark-green 
velvety  powder,  of  density  7"1  to  7-3.  When  ignited  in  hydrogen, 
or  with  sodium,  charcoal,  or  sulphur,  it  is  reduced  to  uranous  oxide. 
When  ignited  alone,  it  yields  a  black  oxide,  UjOg.  Uranoso-uranic 
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oxide  dissolves  in  strong  sulphuric  or  hydrochloric  acid,  yielding  a 
mixture  of  uranous  and  uranic  salt ;  by  nitric  acid  it  la  oxidised  to 
uranic  nitrate. 

Uranic  Oxide,  or  Uranyl  Oxide,  UO3,  or  UO^O. — Uranium  and 
its  lower  oxides  dissolve  in  nitric  acid,  forming  uranic  nitrate  ;  and 
when  this  salt  is  heated  in  a  glass  tube  till  it  begins  to  decompose  at 
250°,  pure  uranic  oxide  remains  in  the  form  of  a  chamois-yellow 
powder.  Hydrated  uranic  oxide,  U03,2H.20,  cannot  be  prepared  by 
precipitating  a  uranic  salt  with  alkalis,  inasmuch  as  the  precipitate 
always  carries  down  alkali  with  it ;  but  it  may  be  obtained  by 
evaporating  a  solution  of  uranic  nitrate  in  absolute  alcohol  till,  at  a 
certain  degree  of  concentration,  nitrous  ether,  aldehyde,  and  other 
vapours  are  given  off,  and  a  spongy  yellow  mass  remains,  which  is  the 
hydroxide.  In  a  vacuum  at  ordinary  temperatures,  or  at  100°  in  the 
air,  it  gives  off  half  its  water,  leaving  the  monohydrate,  UOgjHoO,  or 
uranyl  dihydroxide,  U02(OH)2.  This  hydrate  cannot  be  deprived  of 
all  its  water  without  exposing  it  to  a  heat  sufficient  to  drive  oS part 
of  the  oxygen,  and  reduce  it  to  uranoso-uranic  oxide. 

Uranic  oxide  and  its  hydrates  dissolve  in  acids,  forming  the 
uranic  salts.  The  nitrate,  (U02)(N03)2,6H20,  may  be  prepared 
from  pitchblende  by  dissolving  the  pulverised  mineral  in  nitric  acid, 
evaporating  to  dryness,  adding  water,  and  filtering  ;  the  liquid  yields, 
by  due  evaporation,  crystals  of  uranic  nitrate,  which  are  purified  by 
a  repetition  of  the  process,  and,  lastly,  dissolved  in  ether.  This  latter 
solution  yields  the  pure  nitrate. 

Uranates. — Uranic  oxide  unites  with  the  more  basic  metallic 
oxides.  The  uranates  of  the  alkali-metals  are  obtained  by  precipi- 
tating a  uranic  salt  with  a  caustic  alkali  :  those  of  the  earth-metals 
and  heavy  metals,  by  precipitating  a  mixture  of  a  uranic  salt  and  a 
salt  of  the  other  metal  with  ammonia,  or  by  igniting  a  double  car- 
bonate or  acetate  of  uranium  and  the  other  metal  (calcio-uranic 
acetate,  for  example)  in  contact  with  the  air.  The  uranates  have, 
for  the  most  part,  the  composition  M20,2U03.  They  are  yellow, 
insoluble  in  water,  soluble  in  acids.  Those  which  contiiin  fixed  bases 
are  not  decomposed  at  a  red  heat ;  but  at  a  white  heat,  the  uranic 
oxide  is  reduced  to  uranoso-uranic  oxide,  or  by  ignition  in  hydrogen 
to  uranous  oxide  :  the  mass  obtained  by  this  last  method  easily 
takes  fire  in  contact  with  the  air.  Sodium  uraiiate,  Na20,2U03,  is 
much  used  for  imparting  a  yellowish  or  greenish  colour  to  glass,  and 
as  a  yellow  pigment  in  the  glazing  of  porcelain.  The  "uranium- 
yellow"  for  these  purposes  is  prepared  on  the  large  scale  by  roasting 
pitchblende  with  lime  in  a  reverberatory  furnace  ;  treating  the  result- 
ing calcium  uranate  with  dilute  sulphuric  acid  ;  mixing  the  solution 
of  uranic  sulphate  thus  obtained  with  sodium  carbonate,  by  which 
the  uranium  is  first  precipitated  together  with  other  metals,  but 
then  redissolved,  tolerably  free  from  impurity,  b}'  excess  of  the 
alkali  ;  and  treating  the  liquid  with  dilute  sulphuric  acid,  which 
throws  down  hydrated  sodium  uranate,  Na20,2U03,6H20.  Ammo- 
nium uranate  is  but  slightly  soluble  in  pure  water,  and  quite 
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insoluble  in  water  containing  sal-ammoniac  ;  it  may,  therefore,  be 
prepared  by  precipitating  a  solution  of  sodium  uranate  with  that 
salt.  It  occurs  in  commerce  as  a  fine  deep  yellow  pigment,  also 
called  "  uranium-yellow."  This  salt,  when  heated  to  redness,  leaves 
pure  uranoso-uranic  oxide,  and  may,  therefore,  serve  as  the  raw 
material  for  the  preparation  of  other  uranium  compounds. 

Some  of  the  natural  uranates,  such  as  cleveite  and  broggerite,  have 
of  late  attracted  considerable  attention  from  the  fact  that,  when 
heated  alone  or  dissolved  in  acids,  the  mineral  gives  off  a  gas  which, 
though  originally  mistaken  for  nitrogen,  has  been  found  by  Kamsay 
to  contain  the  element  helium  (p.  230). 

Uranic  oxide  has  also  been  observed  by  Becquerel  to  possess  the 
remarkable  property  of  emitting  an  invisible  radiation  which  is 
capable  of  producing  photographic  effects  after  passing  through 
opaque  bodies,  such  as  wood,  black  paper,  and  certain  metals.  The 
observation  has  been  made  so  recently  that  it  is  not  yet  known 
whether  this  power  is  dependent  upon  previous  exposure  to  light. 

Peruranates. — By  adding  hydrogen  peroxide  and  excess  of  alkali 
to  uranic  nitrate,  salts  are  obtained  which  may  be  formulated  as 
M'^UOg,  corresponding  to  an  unknown  acid,  H^UOg,  and  oxide,  UO,j. 
The  salts  are  yellow  and  unstable  solids,  which  give  up  oxygen  in 
contact  with  permanganates. 


Reactions  of  Uranium  Compounds. — U  ranous  salts  form  green 
solutions,  from  which  caustic  alkalis  and  alkaline  carbonates  throw 
down  green  precipitates,  which  dissolve  in  excess,  especially  of 
ammonium  carbonate,  forming  green  solutions.  Ammonium  sulphide 
forms  a  black  precipitate  of  uranous  sulphide  ;  hydrogen  suljyhide, 
no  precipitate. 

Uranic  salts  are  yellow,  and  yield  with  caustic  alkalis  a  yellow 
precipitate  of  alkaline  uranate,  insoluble  in  excess  of  the  reagent. 
Alkaline  carbonates  form  a  yellow  precipitate,  consisting  of  a  double 
carbonate,  soluble  in  excess  of  the  alkaline  carbonate.  Ammonium 
sulphide  forms  a  black  precipitate  of  uranic  sulphide.  Hydrogen  srd- 
phide  forms  no  precipitate,  but  reduces  the  uranic  to  a  green  uranous 
salt.    Potassium  ferrocyanide  forms  a  nearly  black  precipitate. 

All  uranium  compounds,  fused  with  phosphorus  salt  or  borax  in  the 
outer  blow-pipe  flame,  produces  a  clear  yellow  glass,  v/hich  becomes 
greenish  on  cooling.  In  the  inner  flame  the  glass  assumes  a  green 
colour,  becoming  still  greener  on  cooling.  The  oxides  of  uranium 
are  not  reduced  to  tiie  metallic  state  by  fusion  with  sodium  carbonate 
on  charcoal. 
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METALS  OF  THE  TIN  GROUP. 

Titanium — Germanium — Tin — Zirconium — Cerium — Thorium. 

These  metals  are  tetrads,  like  silicon,  forming  volatile  tetrachlorides  ; 
also  tetrafluorides,  which  unite  with  other  metallic  fluorides,  form- 
ing double  salts  analogous  in  composition  to  the  silicofluorides,  and 
generally  isomorphous  therewith. 

Silicon  exhibits  none  of  the  well-marked  metallic  characters  shown 
by  the  majority  of  these  elements,  especially  in  the  production  by 
most  of  them  of  various  oxysalts  such  as  sulphates  and  phosphates. 

Cerium  has  been  already  described  in  connection  with  the 
Yttrium  Group,  p.  449. 

TITANIUM. 

Symbol,  Ti.    Atomic  weight,  48. 

This  is  one  of  the  rarer  metals,  and  is  never  found  in  the  metallic 
state.  The  most  important  titanium  minerals  are  mtile,  broohite, 
and  anatase,  which  are  different  forms  of  titanic  oxide,  TiOj,  and  the 
several  varieties  of  titaniferous  iron,  consisting  of  ferrous  titanate, 
sometimes  alone,  but  more  generally  mixed  with  ferric  or  ferroso- 
ferric  oxide.  Occasionally  in  the  slag  adhering  to  the  bottom  of 
blast-furnaces  in  which  iron  ore  is  reduced,  small  brilliant  copper- 
coloured  cubes  are  found,  hard  enough  to  scratch  glass,  and  in  the 
highest  degree  infusible.  This  substance,  of  which  a  single  smelting- 
f urnace  in  the  Hartz  produced  as  much  as  80  pounds,  was  originally 
believed  to  be  metallic  titanium.  Wohler,  however,  proved  it  to  be 
a  compound  of  titanium  cyanide  with  titanium  nitride.  When  these 
crystals  are  powdered,  mixed  with  potassium  hydroxide,  and  fused, 
ammonia  is  evolved,  and  potassium  titanate  is  formed.  Titanium 
forms  several  nitrides. 

Metallic  titanium  in  a  finely  divided  state  may  be  obtained  by 
heating  titanium  and  potassium  fluoride  with  potassium. 

Titanium  is  tetradic,  like  tin,  and  forms  two  classes  of  com- 
pounds :  the  titanic  compounds,  in  which  it  is  quadrivalent, 
e.g.,  TiCl4,  TiO,,  and  the  titan  ous  compounds,  in  which  it  is 
apparently  trivalent,  but  probably  also  quadrivalent,  e.g.,  Ti.,Clg,  or 
CljTi.TiClj. 

Chlorides. — Titanons  Chloride,  TijClg,  is  produced  by  passing  the 
vapour  of  titanic  chloride  mixed  with  hydrogen  througu  a  rea-hot 
tube  :  it  forms  dark-violet  scales  having  a  strong  lustre.  Titanic 
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chloride,  TiCl4,  is  prepared  by  passing  clilorine  over  an  ignited  niix- 
ture  of  titanic  oxide  and  cliarcoal.  It  is  a  colourless,  volatile,  fuming 
liquid,  having  a  density  of  1-7609  at  0°,  vapour-density  =  6-836,  and 
boiling  at  135°.  It  unites  very  violently  with  water,  and  forms 
definite  compounds  with  ammonia,  ammonium  chloride,  hydrogen 
cyanide,  cyanogen  chloride,  phosphine,  and  sulphur  tetrachloride. 

Fluorides. — Titanous  Fluoride,  TigFg,  is  obtained  as  a  violet 
powder  by  igniting  potassio-titanic  fluoride  in  hydrogen  gas,  and 
treating  the  resulting  mass  with  hot  water.  Titanic  fluoride,  TiF^, 
passes  over  as  a  fuming  colourless  liquid,  when  titanic  oxide  is  dis- 
tilled with  fluor-spar  and  fuming  sulphuric  acid  in  a  platinum 
apparatus.  It  unites  with  hydrofluoric  acid  and  metallic  fluorides, 
forming  double  salts  called  titan o-fluorides  or  fluotitan- 
ates,  isomorphous  with  the  silicofluorides,  zircofluorides,  etc.,  e.g., 
TiF4,2KF  ;  TiF4,CaF2. 

Oxides. — The  Sesquioxide,  or  Titanous  Oxide,  Ti203,  is  obtained  by 
igniting  the  dioxide  in  hydrogen,  as  a  black  powder,  which,  when 
heated  in  the  air  to  a  very  high  temperature,  oxidises  to  titanic 
oxide. 

The  Dioxide,  or  Titanic  Oxide,  TiO,,  occurs  native  in  three  different 
forms,  viz.,  as  rutile  and  anatase,  which  are  dimetric,  and  brookite, 
which  is  trimetric  ;  of  these  anatase  is  the  purest,  and  rutile  the 
most  abundant.  To  obtain  pure  titanic  oxide,  rutile  or  titaniferous 
iron  ore,  reduced  to  fine  powder,  is  fused  with  twice  its  weight  of 
potassium  carbonate,  and  the  fused  mass  is  dissolved  in  dilute  hydro- 
fluoric acid,  whereupon  titano-fluoride  of  potassium  soon  begins  to 
separate.  From  the  hot  aqueous  solution  of  this  salt,  ammonia 
throws  down  snow-white  ammonium  titanate,  which  is  easily  soluble 
in  hydrochloric  acid,  and  when  ignited  gives  reddish-brown  lumps 
of  titanic  oxide.  This  oxide  is  insoluble  in  water,  and  in  all  acids 
except  strong  sulphuric  acid.  By  fusing  it  with  six  times  its  weight 
of  acid  potassium  sulphate,  a  clear  yellow  mass  is  obtained,  which 
dissolves  perfectly  in  warm  water. 

Titanic  oxide  appears  to  form  two  hydroxides  or  acids,  analogous 
to  stannic  and  metastannic  acids.  One  of  these,  called  titanic 
acid,  is  precipitated  by  ammonia  from  a  solution  of  titanic  chloride, 
as  a  white  powder  which  dissolves  easily  in  sulphuric,  nitric,  and 
hydrochloric  acids,  even  when  these  acids  are  rather  dilute  ;  but  these 
dilute  solutions,  when  boiled,  deposit  met  a  titanic  hydrate  as 
a  soft  white  powder,  which,  like  the  anhydrous  oxide,  is  insoluble  in 
all  acids  except  strong  sulphuric  acid. 

The  titanate s  have  not  been  much  studied  ;  most  of  them  may 
be  represented  by  the  formulae  M^TiO^  =  2M2O,  TiOj,  and  MgTiOa^i 
M20,Ti02  (the  symbol  M  denoting  a  univalent  metal).  The  titan- 
ates  of  calcium  and  iron  occiir  as  natural  minerals.  The  litanates  of 
the  alkali-metals  are  formed  by  fusing  titanic  oxide  with  alkaline 
hydroxides,  carbonates,  or  acid  sulphates — some  of  them  also  in  the 
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wet  way.  When  finely  pulverised  and  levigated,  they  dissolve  in 
moderately  warm,  concentrated  hydrochloric  acid ;  but  tlie  greater 
part  of  the  dissolved  titanic  acid  is  precipitated  on  boiling  the  solu- 
tion with  dilute  acid.  The  normal  titanates  of  the  alkali-metals, 
M2Ti03,  are  insoluble  in  water,  but  soluble  in  acids.  The  titanates 
of  the  earth-metals  and  heavy  metals  are  insoluble,  and  may  be 
obtained  by  precipitation. 

Reactions  of  Titanium  Compounds. — From  a  solution  of  titanic  acid 
in  hydrochloric  acid,  alkalis  throw  down  white  gelatinous  titanic 
acid  ;  potassium  ferrocyanide,  a  dark-brown  precipitate.  Zinc  added 
to  the  acid  solution  causes  the  appearance  of  a  violet  coloration 
due  to  the  production  of  titauous  oxide.  The  most  characteristic 
test  for  dissolved  titanic  oxide  is  hydrogen  dioxide,  which  produces  an 
orange  or  brownish  coloration  in  the  liquid. 

Titanic  oxide  fused  with  borax,  or  better  with  microcosmic  salt  in 
the  inner  blow-j)ipe  flame,  forms  a  glass  which  is  yellow  while  hot, 
but  becomes  violet  on  cooling.  The  delicacy  of  this  reaction  is  much 
increased  by  melting  a  little  metallic  zinc  in  the  bead. 


GERMANIUM. 

Symbol,  Ge.    Atomic  weight,  "72. 

This  element  was  discovered  in  1886  by  Winkler  in  a  rare  mineral, 
argyrodite,  a  sulphide  of  silver  and  germanium,  SAg.jS.GeS,,  found 
at  Freiberg. 

The  metal  may  be  reduced  from  the  oxide  by  heating  it  with 
charcoal  or  in  hydrogen.  It  is  brittle,  and  crj'^stallises  in  octahedrons 
having  the  specific  gravity  5'47.  It  melts  at  about  900°,  and  is 
volatile. 

Like  the  other  elements  of  this  group  it  forms  two  oxides,  of  which 
the  more  important  is  the  dioxide  GeOj,  and  two  chlorides,  of  which 
the  most  characteristic  is  the  tetrachloride  GeCIj.  It  also  yields  a 
tetrethide,  Ge(C2H5).i,  which  boils  at  160°. 

Germanic  Oxide,  GeOg,  is  produced  when  the  metal  burns  in 
oxygen  and  in  the  hydrated  state  when  the  chloride  is  decomposed 
by  water.  It  is  a  dense  white  powder  resembling  tin  dioxide  in 
many  respects. 

Germanic  Chloride,  GeCl,,  is  i^roduced  by  direct  combination  of 
germanium  and  chlorine,  or  by  distilling  the  metal  with  an  excess  of 
dry  mercuric  chloride.  It  is  a  colourless  fuming  liquid,  which  boils 
at  86°  and  has  a  specific  gravity  1'887  at  18°. 

Germanic  Fluoride,  GeF.„  is  known  in  the  form  of  a  crystalline 
hydrate,  GeF^.SHaO,  which  is  decomposed  by  heat,  leaving  a  residue 
of  oxide.  When  the  vapour  of  the  fluoride  is  passed  into  water,  a 
solution  is  obtained  of  germauic  acid  and  hydrofluogermanic  acid, 
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H^GeFg,  which  yields  a  potassium  salt  soluble  in  about  180  parts  of 
water  at  18°. 

Germanic  Sidphide,  GeSj. — This  compound  is  obtained  as  a  white 
precipitate  by  treating  an  acidified  solution  of  a  germanate  with 
hydrogen  sulphide.  It  dissolves  readily  in  alkaline  hydrosulphides, 
probably  with  formation  of  thio-salts. 

The  atomic  weight  and  properties  of  germanium  show  that  it  is 
identical  with  Mendeleefl's  ekasilicon,  occupying  the  position  between 
gallium  and  arsenic  in  the  periodic  arrangement  of  the  elements. 

Germanium  is  most  readily  identified  by  the  formation  of  the 
white  sulphide  when  its  alkaline  solution  is  treated  with  ammonium 
sulphide  and  subsequently  with  a  large  excess  of  hydrochloric  acid. 


TIN. 

Symbol,  Sn  (Stannum).    Atomic  weight,  118. 

Tin  has  been  known  and  used  as  a  constituent  of  bronze  from  pre- 
historic times,  and  the  Phoenicians  in  times  antecedent  to  the 
Christian  era  visited  Cornwall  lor  the  purpose  of  obtaining  supplies 
of  the  metal.  The  principal  tin  mines  are  still  those  of  Cornwall, 
but  large  quantities  of  ore  are  now  imported  from  the  island  of 
Banca,  in  the  Malay  Archipelago,  and  from  Australia. 

The  metal  occurs  in  the  form  of  oxide,  as  tinstone  or  cassiterite, 
SnOg ;  also  comparatively  rarely  as  tin  pyrites,  SnSg.  In  Cornwall 
the  tinstone  is  found  as  a  constituent  of  metal-bearing  veins,  asso- 
ciated with  copper  ore,  in  granite  and  slate  rocks  ;  and  formerly  as 
an  alluvial  deposit,  mixed  with  rounded  pebbles,  in  the  beds  of 
several  small  rivers.  The  first  variety  is  called  mine-  and  the  second 
stream-tin.  Tin  oxide  is  also  found  disseminated  through  the  rock 
itself  in  small  crystals. 

To  prepare  the  ore  for  reduction,  it  is  stamped  to  powder,  washed, 
to  separate  as  much  as  possible  of  the  earthy  matter,  and  roasted,  to 
expel  sulphur  and  arsenic  :  it  is  then  strongly  heated  with  anthra- 
cite in  a  reverberatory  furnace  similar  to  the  furnace  used  in  the 
reduction  of  galena.  The  resulting  metal  is  very  impure,  and  is 
therefore  subjected  to  a  process  of  liquation. 

The  bars  of  crude  tin  are  exposed  to  a  very  gentle  heat  in  a  fur- 
nace similar  to  that  employed  in  smelting  the  ore,  the  fusible  metal 
drains  away,  whilst  a  mass  of  hard  head  remains  behind  consisting 
chiefiy  of  iron  with  about  20  per  cent,  of  tin. 

Eefined  tin  is  subjected  to  a  further  process  of  melting,  and, 
whilst  fluid,  poling  with  a  green  stick  or  tossing  by  means  of  a  ladle. 

Grain  tin  is  produced  by  heating  blocks  of  the  metal  to  near  the 
melting-point,  and  then  dropping  them  from  some  height  or  striking 
with  a  hammer,  by  which  the  metal  is  broken  up  into  columnar 
masses. 
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Pure  tin  haa  a  white  colour,  approaching  that  of  silver  :  it  is  soft 
and  malleable,  and  when  bent  or  twisted  emits  a  peculiar  crack- 
ling sound ;  its  density  is  7"3.  At  200°  it  becomes  so  brittle  that 
it  may  be  powdered,  and  at  235°  it  melts.  Tin  is  but  little  acted 
upon  by  air  and  water,  even  conjointly ;  when  heated  above  its 
melting-point  it  oxidises  rapidly,  becoming  converted  into  a  whitish 
powder,  vised  in  the  arts  for  polishing,  imder  the  name  of  putty 
poivder.  The  metal  is  attacked  and  dissolved  by  hydrochloric  acid, 
with  evolution  of  hydrogen  ;  nitric  acid  acts  with  great  energy,  con- 
verting it  into  a  white  metastannic  acid. 

The  useful  applications  of  tin  are  very  numerous.  Tinned  plate 
consists  of  iron  superficially  alloyed  with  this  metal.  Cooking- 
vessels  of  copper  are  usually  tinned  in  the  interior,  and  pins,  which 
are  made  of  brass  wire,  are  coated  with  tin. 

The  alloys  of  tin  are  esiDecially  important.  Bronze  is  a  mixture  of 
copper  and  tin,  usually  associated  with  zinc  and  sometimes  -ndth 
lead.  The  bronze  coinage  metal  of  this  country  consists  of  95  pai-ts 
copper,  4  parts  tin,  and  1  part  zinc.  Gun-metal,  hell-metal,  and 
speculum-metal  are  alloys  of  tin  and  copper.  The  last-named  is 
white,  very  hard,  and  takes  a  fine  polish.  Solder  is  chiefly  tin  con- 
taining lead  ;  pewter  is  a  mixture  of  tin  and  lead,  sometimes  hardened 
by  addition  of  a  little  antimony. 

Tin  is  also  used  in  the  form  of  amalgam  as  a  backing  for  produc- 
ing the  reflecting  surface  of  common  glass  mirrors. 

Various  soluble  compounds  of  tin  are  used  in  dyeing  and  calico- 
printing,  as  will  be  explained  later. 

Tin  forms  two  well-defined  classes  of  compoimds,  namely,  the 
stannic  compounds,  in  which  it  is  quadrivalent,  as  SnCl4, 
SnOg,  and  the  stannous  compounds,  in  which  it  is  also 
quadrivalent,  Sn2Cl4,  SngOj,  but  which  are  usually  represented  by 
the  simpler  formulae  SnCl2,  SnO,  as  though  it  were  bivalent. 

Chlorides. — The  Bichloride,  or  Stannous  Chloride, 
SnClj,  or  more  probably  Sn2Cl4=Cl2Sn=SnCl2  (vapour-density  at 
600-700°  =  13,  air  =  l),  is  obtained  in  the  anhydrous  state  by  dis- 
tilling a  mixture  of  calomel  and  powdered  tin,  prepared  by  agitating 
the  melted  metal  in  a  wooden  box  until  it  solidifies.  It  is  a  grey, 
resinous-looking  substance,  fusible  below  redness,  and  volatile  at  a 
high  temperature. 

The  hydrated  chloride,  commonly  called  tin  salt,  is  easily  prepared 
by  dissolving  metallic  tin  in  hot  hydrochloric  acid.  It  crystallises 
in  prisms  containing  SnCl2,2H20,  which  are  freely  soluble  in  a  small 
quantity  of  water,  but  are  partly  decomposed  when  put  into  a  large 
mass,  unless  hydrochloric  acid  be  present  in  excess.  Solution  of 
stannous  chloride  is  employed  as  a  deoxidising  agent ;  it  reduces  the 
salts  of  mercury  and  other  metals  of  the  same  class.  It  is  also 
extensively  employed  as  a  mordant  in  dyeing  and  calico-printing ; 
sometimes  also  as  antichlore. 

Stannous  chloride  unites  with  the  chlorides  of  the  alkali-metals. 
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forming  crystallisable  double  salts,  SiiC]2,2KCl,  etc.,  called  Stannoso- 
chlondeti  or  Glilorostamiites. 

The  Tetrachloride,  ot  Stannic  Chloride,  S11CI4,  formerly 
called  fanning  liqiwr  of  Libavius,  is  made  by  exposing  metallic  tin  to 
the  action  of  chlorine,  or  by  distilling  a  mixture  of  1  part  of  powdered 
tin  with  5  parts  of  mercuric  chloride.  It  is  a  thin,  colourless,  mobile 
liquid,  boiling  at  120°,  and  yielding  a  colourless  invisible  vapour. 
It  fumes  in  the  air,  and  when  mixed  with  a  third  part  of  water, 
solidifies  to  a  soft  fusible  mass,  called  butter  of  tin.  The  solution  of 
stannic  chloride  is  much  employed  by  the  dyer  for  the  brightening 
and  fixing  of  red  colours,  and  is  sometimes  designated  by  the  old 
names,  "  composition,  physic,  or  tin  solution "  ;  it  is  commonly  pre- 
pared by  dissolving  metallic  tin  in  a  mixture  of  hydrochloric  and 
nitric  acids,  care  being  taken  to  avoid  too  great  elevation  of  tempera- 
ture. The  solution  when  evaporated  yields  a  deliquescent  crystalline 
hydrate,  SnCl^SHaO. 

Stannic  chloride  forms,  with  the  chlorides  of  the  alkali-metals 
and  alkaline  earth-metals,  crystalline  double  salts,  called  Stanno- 
chlorides  or  Clilorostannates,  e.g.,  SnCl,„2NH4Cl,  which  constitutes  the 
"pink  salt"  of  the  old-fashioned  dyer.  It  also  forms  crystalline  com- 
pounds with  the  pentachloride  and  oxychloride  of  phosphorus,  viz., 
SnCl4,PCl5,  and  SnCl4,POCl3,  and  a  solid  compound  with  phosi^hine, 
containing  SnCl4,2PH3. 

Experiments. — 1.  Granulate  about  an  ounce  of  tin  by  melting  it  in 
a  porcelain  crucible  and  pouring  it  drop  by  drop  into  cold  water. 
Place  10  or  15  grams  of  the  metal  in  a  llask,  pour  in  strong  hydro- 
chloric acid  sufficient  to  cover  it,  and  then  add  about  an  equal  quan- 
tity of  water.  Apply  heat.  Hydrogen  is  given  off  and  the  metal 
slowly  dissolves,  but  the  action  may  be  greatly  promoted  by  drop- 
ping in  a  few  scraps  of  platinum  foil,  so  that  they  may  touch  the 
tin  beneath  the  acid.  Add  a  little  more  acid  if  necessary,  and 
when  the  tin  is  dissolved  pour  off  the  solution  into  a  dish  and 
evaporate  it  to  a  small  volume.  Crystals  of  stannous  chloride  may 
be  obtained. 

2.  Mix  40  c.c.  of  strong  hydrochloric  acid  with  50  c.c.  of  water  in  a 
flask.  Add  10  grams  of  tin,  heat  to  boiling,  and  drop  in  gradually 
10  c.c.  of  nitric  acid.  Boil  till  the  tin  is  dissolved  and  the  liquid 
ceases  to  evolve  nitrous  fumes.  Then  add  10  grams  of  ammonium 
chloride,  and  set  the  solution  aside  in  a  beaker  to  crystallise. 

3.  Suspend  in  a  solution  of  stannous  chloride  a  small  piece  of  zinc. 
Crystals  of  tin  soon  make  their  appearance,  and  continue  to  grow  as 
the  zinc  dissolves. 

Fluorides. — Stannous  Fluoride,  SnFj,  or  SnjF^,  obtained  by  eva- 
porating the  solution  of  stannous  oxide  in  hydrofluoric  acid,  crystal- 
lises in  small  shining  opaque  prisms.  Stannic  fluoride,  SnF,„  is  not 
known  in  the  free  state,  but  unites  with  other  metallic  fluorides, 
forming  crystalline  compounds,  called  stannofluorides  ov  Jluostannates, 
isomorphous  with  the  corresponding  silicofluorides,  titanofluorides, 
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and  zircofluorides.  The  potassium  salt  contains  SiiF4,2KFjH20,  tlie 
barium  salt,  SnFjjBaFj,  etc. 

Oxides.  — The  M onoxide,  or  Stannous  Oxide,  SaO  or  SugOg, 
is  produced  by  heating  stannous  oxalate  out  of  contact  with  the  air  ; 
also  by  igniting  stannous  hydrate.    This  hydrate,  2SnO.H20,  or 


composing  stannous  chloride  with  an  alkaline  carbonate,  carbon 
dioxide  being  at  the  same  time  evolved.  When  carefully  washed, 
dried,  and  heated  in  an  atmosphere  of  carbon  dioxide,  it  leaves 
anhydrous  stannous  oxide  as  a  dense  black  powder,  which  is  per- 
manent in  the  air,  but  when  touched  with  a  red-hot  body,  takes  fire 
and  burns  like  tinder,  producing  the  dioxide.  The  hydrate  is  freely 
soluble  in  caustic  potash ;  the  solution  decomposes  by  keeping  into 
metallic  tin  and  dioxide.  It  dissolves  also  in  sulphuric  acid,  form- 
ing stannous  sulphate,  SnSO^,  which  crystallises  in  needles. 

The  Sesquioxide,  SngOg,  or  SnO.SnOg,  is  produced  by  the  action  of 
hydrated  ferric  oxide  upon  stannous  chloride  :  it  is  a  greyish,  slimy 
substance,  soluble  in  hydrochloric  acid  and  in  ammonia. 

The  Dioxide,  or  Stannic  Oxide,  SnOg,  occurs  native  as  tin- 
stone or  cassiterite,  the  common  ore  of  tin,  and  is  easily  formed  by 
heating  tin,  stannous  oxide,  or  stannous  hj'drate,  in  contact  with  the 
air.  As  thus  prepared  it  is  a  white  or  yellowish  amori:)hous  powder  ; 
but  by  passing  the  vapour  of  stannic  chloride  mixed  with  aqueous 
vapour  through  a  red-hot  porcelain  tube,  it  may  be  obtained  in 
crystals.    It  is  not  attacked  by  acids,  even  in  the  concentrated  state. 

Stannic  oxide  forms  two  hydroxides,  differing  from  one  another 
in  composition  and  properties ;  both,  however,  being  acids,  and 
capable  of  forming  salts  by  exchanging  their  hydrogen  for  metals. 
These  hydroxides  or  acids  are  stannic  acid,  Sn02,H20)  or 
HgSnOj  or  0=rSn(0H)2,  and  metastannic  acid,  SnjOjoSHoO, 
or  HioSn^Ojs  or  Sn50ft(0H)jQ,  the  former  being  capable  of  exchanging 
the  whole  of  its  hydrogen  for  metal,  and  forming  the  stannates,  con- 
taining MgSnOg ;  while  the  latter  exchanges  only  one-fifth  of  its 
hydrogen,  forming  the  metastannates,  HsM2Sn50]5. 

Stannic  acid  is  precipitated  by  acids  from  solutions  of  alkaline 
stannates,  also  from  solution  of  stannic  chloride,  by  calcium  or 
barium  carbonate  not  in  excess  ;  alkaline  carbonates  throw  down  an 
acid  stannate.  When  dried  in  the  air  at  ordinary  temperatures  it 
has,  according  to  Weber,  the  composition  SnOojSHoO  ;  in  a  vacuum 
half  the  water  is  given  off,  leaving  SnOaiHaO. 

Stannic  hydroxide  dissolves  in  the  stronger  acids,  forming  the 
stannic  salts  ;  thus  with  sulphuric  acid  it  forms  stannic  sulphate, 
Sn(S04)2  or  Sn02,2S03.  Hydrochloric  acid  converts  it  into  the  tetra- 
chloride. 

Stannates. — Stannic  hydroxide  exhibits  acid  much  more  decidedly 
than  basic  properties.  It  forms  easily  soluble  salts  with  the  alkalis, 
find  from  these  the  insoluble  stannates  of  the  earth-metals  and  heavy 
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metals  may  be  obtained  by  precipitation.  Sodium  stannate,  Na^SnOg, 
which  is  much  used  in  calico-printing  as  a  "preparing  salt"  or 
mordant,  is  produced  on  the  large  scale  by  fusing  tinstone  -with 
sodium  hydrate  or  nitrate  ;  by  boiling  the  tin  ore  with  caustic  soda- 
solution  ;  by  fusing  metallic  tin  with  a  mixture  of  sodium  nitrate 
and  carbonate  ;  or  by  heating  it  with  soda-solution  mixed  with 
sodium  nitrate  and  chloride. 

Metastannic  add  is  produced  by  the  action  of  nitric  acid  upon 
tin.  When  dried  in  the  air  at  ordinary  temperatures,  it  contains 
SSnOojlOHaO  or  HioSnrPi-.SHgO,  but  at  100°  it  gives  off  5  molecules 
of  water,  and  is  reduced  to  HioSugOig.  It  is  a  white  crystalline 
powder  insoluble  in  water  and  in  acids.  It  dissolves  slowly  in 
alkalis,  forming  the  metastannates,  but  is  gradually  deposited  in  its 
original  state  as  the  solution  absorbs  carbonic  acid  from  the  air. 

The  potassium  salt,  KgHgSngOis  or  |  (Sn02)5,  may  be  preci- 

pitated in  the  solid  state  by  adding  pieces  of  solid  potash  to  a  solution 
of  metastannic  acid  in  cold  potash.  It  is  gummy,  uncrystallisable, 
and  strongly  alkaline.  The  sodium  salt,  NagHgSngOig,  prepared  in 
like  manner,  is  crystallo-granular,  and  dissolves  slowly,  but  com- 
pletely, in  water.  The  metastannates  exist  only  in  the  hydrated 
state,  being  decomposed  when  deprived  of  their  basic  water. 

Experiments. — 1.  Place  a  bead  of  metallic  tin  in  an  uncovered 
porcelain  crucible,  and  heat  to  redness  in  a  muffle  for  an  hour.  A 
yellowish  infusible  mass  of  oxide  results. 

2.  Add  to  the  resulting  oxide  three  or  four  times  its  weight  of 
potassium  cyanide,  and  heat  to  fusion.  Cool  and  dissolve  out  with 
water  ;  a  bead  of  tin  is  reproduced. 

3.  Boil  in  a  flask  a  few  grams  of  tin  with  nitric  acid  till  completely 
converted  into  a  white  powder.  Add  water,  wash  and  dry  the  in- 
soluble powder  in  the  steam-bath.  Heat  a  portion  with  excess  of 
solution  of  soda,  and  observe  that  it  dissolves.  If  previously  heated 
to  redness,  it  is  almost  insoluble  in  alkaU. 

Stilphides. — The  Monosulphide,  SnS,  or  Sn2S2,  is  prepared  by 
fusing  tin  with  excess  of  sulphur,  and  strongly  heating  the  product. 
It  is  a  lead-grey,  brittle  substance,  fusible  at  a  red  heat,  and  soluble, 
with  evolution  of  sulphuretted  hydrogen,  in  hot  hydrochloric  acid. 
A  sesquisidphide  may  be  formed  by  gently  heating  the  above  com- 
pound with  a  third  of  its  weight  of  sulphur  ;  it  is  yellowish-grey, 
and  easily  decomposed  by  heat.  The  hisxdphide,  SnSg,  or  mosaic 
gold,  is  prepared  by  exposing  to  a  low  red  heat,  in  a  glass  flask,  a 
mixture  of  12  parts  of  tin,  6  of  mercury,  6  of  sal-ammoniac,  and  7  of 
flowers  of  sulphur.  Sal-ammoniac,  cinnabar,  and  stannous  chloride 
sublime,  while  the  bisulphide  remains  at  the  bottom  of  the  vessel  in 
the  form  of  brilliant  gold-coloured  scales  :  it  is  used  as  a  substitute 
for  gold  powder.  The  same  compound  is  obtained  as  an  amorphous 
light-yellow  powder  by  passing  hydrogen  sulphide  into  a  solution  of 
stannic  chloride. 
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Stannous  salts  give  with  : 

Fixed  caustic  alkalis :  white  hydroxide,  soluble  in  excess. 

f  black-brown  precipitate  of  mono- 
Hydrogen  sulphide,  .       .J     sulphide,  soluble  in  ammonium 
Ammonium  sulphide,      .  \         1'*^'  containing  excess  of  sul- 
^      '  puur,  and  reprecipitated  by  acids 

[_    as  yellow  bisulphide. 
Excess  of  caustic  votash,  f  ■      .      c  ■,  ■ 

then  a  little  solution^  ^  ^^^^^  precipitate  of  bismuthous 
of  bismuth  nitrate,       .  [  ^^2^'-- 

'  a  white  precipitate  of  calomel,  which 
becomes  black  from  reduction  of 
mercury  if  the  tin  salt  is  used  in 
excess. 

Trichloride  of  gold,  added  to  a  dilute  solution  of  stannous  chloride, 
gives  rise  to  a  brownish-purple  precipitate,  called  purple  of  Cassius. 
See  Gold. 

Stannic  salts  give  with  : 

Fixed  caustic  alkalis :  white  hydroxide,  soluble  in  excess. 
Hydrogen  sulphide :  yellow  jDrecipitate  of  bisulphide. 
Ammonium  sulphide :  the  same,  soluble  in  excess. 

Metallic  zinc  placed  in  an  acid  solution  of  any  tin  compound 
causes  separation  of  metallic  tin  in  spicular  branching  crystals  (Tin 
tree). 


Mercuric  chloride, 


ZIRCONIUM. 

Symbol,  Zr.    Atomic  weight,  90. 

This  metal  is  intermediate  in  many  of  its  properties  between 
aluminium  and  silicon.  Its  oxide,  zirconia,  was  first  obtained  by 
Klaproth,  in  1789,  from  zircon,  which  is  a  silicate  of  zirconium.  It 
has  since  been  found  in  fergusonite,  eudialyte,  and  two  or  three 
other  rare  minerals. 

Zirconium,  like  silicon,  is  capable  of  existing  in  the  amorphous 
and  crystalline  states.  These  varieties  are  obtained  by  processes 
similar  to  those  described  for  preparing  the  corresponding  modifica- 
tions of  silicon  (p.  214).  Amorplious  zirconium  when  heated  in  the 
air  takes  fire  at  a  temperature  somewhat  below  redness,  and  burns 
with  a  bright  light,  forming  zirconia.  Crystalline  zirconium  forms 
very  hard  brittle  scales  resembling  antimony  in  colour  and  lustre  ; 
it  burns  in  the  air  only  at  the  temperature  of  the  oxyhydrogen 
blow-pipe,  but  takes  fire  at  a  red  heat  in  chlorine  gas.  Zirconium 
is  but  little  attacked  by  the  ordinary  acids,  but  hydrofluoric  acid 
dissolves  it  readily,  with  evolution  of  hydrogen. 


ZIRCONIUM. 
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Zii-conium  Oxides. — Besides  zirconia,  ZvO^,  a  higher  oxide  (Zr.Pg 
or  ZrOj  ?)  and  a  lower  oxide  (ZiO  ?)  are  supposed  to  exist,  but  are  at 
present  very  imperfectly  known. 

t  Zirconia,  ZrO.j,  is  prepared  by  strongly  igniting  zircon  (zirconium 
silicate)  with  four  times  its  weight  of  dry  sodium  carbonate  and  a 
small  quantity  of  sodium  hydrate.  The  silica  is  separated  from  the 
fused  mass  by  hydrochloric  acid,  as  described  in  the  case  of  berylla  ; 
the  resulting  solution  is  treated  with  ammonia,  which  throws  down 
zirconia  generally  mixed  with  ferric  oxide  ;  the  precipitate  is  redis- 
solved  in  hydrochloric  acid  ;  and  the  solution  is  boiled  with  excess 
of  sodium  thiosulphate  as  long  as  sulphurous  oxide  continues  to  escape, 
whereby  pure  zirconia  is  precipitated,  the  whole  of  the  iron  remain- 
ing in  the  solution.  Zirconia  thus  obtained  forms  a  white  powder, 
or  hard  lumps,  of  density  4'35  to  4'9.  By  fusing  it  with  borax  in  a 
pottery  furnace  and  dissolving  out  the  soluble  salts  with  hydro- 
chloric acid,  zirconia  is  obtained  in  small  quadratic  prisms  isomor- 
phous  with  the  native  oxides  of  tin  and  titanium. 

Zirconium  hydroxides  are  obtained  by  precipitating  the  solution 
of  a  zirconium  salt  with  ammonia :  the  precipitate  contains  ZrH203  = 
ZrOgjHgO,  or  ZrH404=Zr02,2H20,  according  to  the  temperature  at 
which  it  is  dried. 

Zirconia  acts  both  as  a  basic  and  as  an  acid  anhydride.  After 
ignition  it  is  insoluble  in  all  acids  except  hydrofluoric  and  very 
strong  sulphuric  acid,  but  the  hydroxide  dissolves  easily  in  acids, 
forming  the  zirconium  salts  ;  the  normal  sulphate  has  the  composi- 
tion Zr(S04)2,  or  Zr02,2S03. 

The  zirconates  are  obtained  by  precipitating  a  zirconium 
salt  with  potash  or  soda,  or  by  igniting  zirconia  with  an  alkaline 
hydrate.  Potassium  zirconate  dissolves  completely  in  water.  Three 
sodium  zirconates  have  been  formed,  containing  Na2Zr03=Na20,Zr02; 
Na4Zr04  =  2Na20,Zr02  ;  and  Na2Zr80i7  =  Na20,8Z-r02. 

Zirconium  Fluoride,  ZrF^,  is  obtained  by  dissolving  zirconia,  or 
the  hydro.xide,  in  hydrofluoric  acid  ;  or  in  the  anhydrous  state,  by 
igniting  zirconia  with  ammonium  and  hydrogen  fluoride  till  all  the 
ammonium  fluoride  is  driven  off.  It  unites  with  other  metallic 
fluorides,  forming  double  salts,  called  zircofluorides  or  fluo- 
zirconates,  which  are  isomorphous  with  the  corresponding 
silicofluorides,  stannofluorides,  and  titanofluorides,  and  are  mostly 
represented  by  the  formula; — 

4MF,ZrF4 ;  SMF.ZrFi ;  2MF,ZrF4  ;  MF,ZrF4, 

in  which  M  denotes  a  monad  metal.  The  sodium  salt,  however, 
has  the  composition  5NaF,.3ZrF4. 

Reactions  of  zirconium  salts. — Allicilis  precipitate  white  zirconium 
hydroxide,  insoluble  in  excess  of  potassium  hydroxide,  whereby  it  is 
distinguished  from  aluminium  and  beryllium.  Potassium  sidfhate 
gives  a  precipitate  of  double  salt,  K,jZr(S04),i,  which  is  soluble  in 
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hydrochloric  acid,  unless  precipitated  I'rom  a  boiling  solution. 
(Distinction  from  thorium  and  cerium.) 


CERIUM. 

See  page  449. 


THORIUM. 

Symbol,  Th.    Atomic  weight,  232. 

This  very  rare  metal  was  discovered  in  1828  by  Berzelius,  in 
thorite,  a  mineral  from  the  Norwegian  island  Lovon,  in  which  it 
exists  as  a  silicate.  It  has  since  been  found  in  euxenite,  pyrochlore, 
and  a  few  other  minerals,  and  recently  in  greater  quantity  in  the 
sands  of  some  of  the  North  American  rivers. 

Metallic  thorium  is  obtained  by  reducing  the  chloride  with 
potassium  or  sodium,  as  a  grey  powder,  which  acquires  metallic 
lustre  by  pressure,  and  has  a  density  of  7*66  to  7'795.  It  is  not 
oxidised  by  water,  dissolves  easily  in  nitric,  slowly  in  hydrochloric 
acid,  and  is  not  attacked  by  caustic  alkalis. 

Thorium  forms  but  one  class  of  compounds,  in  all  of  which  it  is 
quadrivalent. 

Thorium  Oxide,  or  Thoria,  ThOj,  is  prepared  by  decomposing 
thorite  with  hydrochloric  acid,  separating  the  silica  in  the  usual 
way,  treating  the  filtered  solution  with  hydrogen  sulphide  to  separate 
lead  and  tin,  and  precipitating  the  thoria  by  ammonia,  together  with 
small  quantities  of  the  oxides  of  iron,  manganese,  and  uranium.  To 
get  rid  of  these,  the  precipitate  is  redissolved  in  hydrochloric  acid, 
and  the  hot  saturated  solution  is  boiled  with  a  solution  of  normal 
potassium  sulphate.  The  thorium  is  thereby  i^recipitated  as  thorium 
and  potassium  sulphate ;  and  from  the  solution  of  this  salt  in  hot 
water,  the  thorium  is  j^recipitated  by  alkalis  as  a  hydroxide,  which, 
on  ignition,  yields  pure  thoria. 

Thoria  is  white,  and  very  heavy,  its  density  being  9'402.  After 
ignition  it  is  insoluble  in  nitric  and  hydrochloric  acids,  and  dis- 
solves in  strong  sulphuric  acid  only  after  prolonged  heating.  Tlie 
hydroadde,  preci]5itatcd  from  thorium  salts  by  alkalis,  dissolves  easily 
in  acids. 

Thorium  Chloride,  ThCl.,,  prepared  by  igniting  an  intimate 
mixture  of  thoria  and  charcoal  in  chlorine  gas,  sublimes  in  white 
.shining  crystals.  It  forms  double  salts  with  the  chlorides  of  the 
alkali-metals. 
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Thorium  Sulphate,  Tli(S04)2,  crystallises  witli  various  quanti- 
ties of  water,  according  to  the  temperature  at  which  its  solution  is 
evaporateJ.  Thorium  and  potassium  sul2ohate,  ThK4(S04).„2H20, 
separates  as  a  crystalline  powder  M'hen  a  crust  of  potassium  sul- 
phate is  suspended  in  a  solution  of  thorium  sulphate.  It  is  easily 
soluble  in  water,  but  insoluble  in  alcohol  and  in  solution  of  potas- 
sium sulphate. 

Thorium  closely  resembles  zirconium  in  most  of  its  reactions,  but 
is  distinguished  by  the  insolubility  in  water  and  HCl  of  the  precipi- 
tate, consisting  of  basic  sulphate,  produced  by  the  addition  of  hot 
solution  of  potassium  sulphate. 
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METALS  OF  THE  ANTIMONY  GROUP. 

Vanadium.  Niobium. 
Antimony.  Didymium. 
Bismuth.  Tantalum. 

These  elements  are  pentads,  the  first  three  being  obviously  mem- 
bers of  the  group  of  which  phosphorus  and  arsenic  form  the  two 
first  terms.  This  is  especially  indicated  not  only  by  the  relations 
among  their  atomic  weights,  but  by  the  isomorphism  and  close 
resemblance  observed  among  many  of  their  most  characteristic  com- 
pounds, as,  for  example,  among  the  phosphates,  arsenates,  and  vana- 
dates, such  as  the  following  : — 

Apatite,       .  .  .  3[Ca3(POJ,].UaF, 

Pyromorphite,  .  .  3[Pb3(PO,)o'].PbCr, 

Mimetiue,    .  .  .  3[Pb3(As04).,].PbCU 

Vauadite,     .  .  .  3[Pb3(V04)2].PbCl2r 

Arsenic,  antimony,  and  bismuth  agree  in  the  formation  of  oxides, 
chlorides,  and  other  compounds  of  con-esponding  composition  and 
similar  properties,  allowing  ibr  differences  which  are  necessarily 
connected  with  difference  of  atomic  weight.  The  following  tabular 
statement  of  the  composition  of  the  more  important  compounds  of 
these  three  elements  exhibits  clearly  this  relationship  : — 


AsHg  SbHj  No  bismuth  hydride 

ASCI3  SbCla  BiClg 

-  SbCl,  - 

As.Oc  Sb,0g  Bi^Oo 

As,0,o  Sb.Oio  Bi.Oio 

HASO3  HSi.O,  HBi03 

H.As^Oj  H^SboOy  — 

H3ASO4  HaSbO^  — 

As^Sg  —  Bi,S.^ 

AS2S3  SboSj  Bi.^33 

As^S,  Sb^S^  - 


Niobium  and  tantalum,  notwithstanding  their  unquestionably 
quinquivalent  character,  as  shown  hy  their  volatile  pen tachlor ides, 
are  about  equallj'  related  to  tin,  titanium,  and  zirconium  on  the  one 
side,  and  to  molybdenum  and  tungsten  on  the  other,  the  relation- 
ship being  indicated  by  the  formation  of  a  considerable  number  of 
closely  similar  lUiorides  and  oxylluorides,  some  of  which  are  described 
on  a  later  page. 
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An  account  of  tlidymium  has  been  already  given  in  connection 
witli  the  rare  earths  (p.  451). 


VANADIUM. 

Symbol,  V.    Atomic  weight,  51'1. 

Vanadium  is  found,  in  small  quantity,  in  some  iron  ores,  also  as 
vanadite,  a  lead  chlorovanadate,  3Pb3V20f,.PbC]2.  It  has  likewise 
been  discovered  in  the  iron  slag  of  Staffordshire,  and  in  larger 
quantity  in  the  copper-bearing  beds  at  Alderley  Edge  and  Mottram 
St  Andrews,  in  Cheshire.  It  occurs  in  small  quantity  in  some  clays, 
and  more  abundantly  in  the  ash  of  a  lignite  found  near  San  Eaphael, 
in  the  Argentine  Eepublic. 

Metallic  vanadiiim  is  obtained  by  prolonged  ignition  of  the 
dichloride  in  pure  dry  hydrogen,  as  a  greyish-white  powder,  appear- 
ing under  the  microscope  as  a  crystalline  mass,  with  a  strong  silver- 
white  lustre.  Vanadium  in  combination  with  carbon  is  also 
obtained  by  reduction  of  the  oxide  in  the  electric  furnace.  Vana- 
dium is  non-volatile  ;  decomposes  water  at  100° ;  does  not  tarnish  in 
the  air  ;  burns  with  brilliant  scintillations  when  thrown  into  a  flame  ; 
burns  vividly  when  quickly  heated  in  oxygen,  forming  the  pentoxide  ; 
is  insoluble  in  hydrochloric  acid  ;  dissolves  slowly  in  hydrofluoric 
acid  with  evolution  of  hydrogen,  rapidly  in  nitric  acid,  forming  a 
blue  solution.  In  a  current  of  chlorine  it  takes  fire,  and  is  converted 
into  the  tetrachloride. 

Vanadium  was  formerly  regarded  as  a  hexad  metal,  analogous  to 
tungsten  and  molybdenum  ;  but  Roscoe  has  shown  that  it  is  a 
pentad,  belonging  to  the  phosphorus  and  arsenic  group.  This  con- 
clusion is  based  upon  the  composition  of  the  oxides  and  oxychlorides  ; 
and  on  the  isomorphism  of  the  vanadates  with  the  phosphates. 

Vanadium  Oxides. — Vanadium  forms  five  oxides,  represented  by 
the  formulae,  VjO,  V2O.,,  VgOj,  VjO^,  V^O^,  analogous^  therefore,  to 
the  oxides  of  nitrogen. 

The  Monoxide,  VgO,  is  formed  by  prolonged  exposure  of  metallic 
vanadium  to  the  air  of  ordinary  temperature,  more  quickly  at  a  dull 
red  heat.  It  is  a  brown  substance,  which,  when  heated  in  the  air, 
is  gradually  converted  into  the  higher  oxides. 

The  Dioxide,  V2O2,  which  was  regarded  by  Berzelius  as  a  metallic 
vanadium,  is  oljtaiucd  by  reducing  either  of  the  higlier  oxides  with 
potassium,  or  by  passing  tlie  vapour  of  vanadium  oxytrichloride 
(VOCI3),  mixed  witn  excess  of  hydrogen,  through  a  combustion  tube 
containing  red-hot  cliarcoal.  As  obtained  by  the  second  jn'ocess, 
it  forms  a  light-grey  glittering  powder,  or  a  metallically  lustrous 
crystalline  crust,  of  density  3'64,  brittle,  very  diflicult  to  fuse, 
and  a  conductor  of  electricity.    When  heated  to  redness  in  the  air, 
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it  takes  fire  and  burns  to  black  oxide.  It  is  insoluble  in  sulpliuric, 
hydrochloric,  and  hydrofluoric  acid,  but  dissolves  easily  in  uitro- 
muriatic  acid,  forming  a  dark-blue  liquid. 

The  dioxide  may  be  prepared  in  solution  by  the  action  of  nascent 
hydrogen  (evolved  by  metallic  zinc,  cadmium,  or  sodium-amalgam), 
on  a  solution  of  vanadic  acid  in  sulphuric  acid.  After  passing 
through  all  shades  of  blue  and  green,  the  liquid  acquires  a  perma- 
nent lavender  tint,  and  then  contains  the  vanadium  in  solution  as 
dioxide,  or  as  hypovanadious  salt.  This  compound  absorbs 
oxygen  more  rapidly  than  any  other  known  substance,  and  bleaches 
indigo  and  other  vegetable  colours  as  quickly  as  chlorine. 

Vanadium  dioxide  may  be  regarded  as  entering  into  many  vana- 
dium |compounds,  as  a  bivalent  radicle  (like  uranyl  in  the  urauic 
compounds),  and  may  therefore  be  called  vanadyl. 

Vanadium  Trioxide,  V2O3,  or  Vanadyl  Monoxide,  (YgO^)"©,  is 
obtained  by  igniting  the  pentoxide  in  hj'drogen  gas,  or  in  a  crucible 
lined  with  charcoal.  It  is  a  black  powder,  with  an  almost  metallic 
lustre,  and  infusible  ;  by  pressure  it  may  be  united  into  a  coherent 
mass  which  conducts  electricity.  When  exposed  warm  to  the  air,  it 
glows,  absorbs  oxygen,  and  is  converted  into  pentoxide.  At  ordi- 
nary temperatures,  it  slowly  absorbs  oxygen,  and  is  converted  into 
tetroxide.  By  ignition  in  chlorine  gas  it  is  converted  into  A'anadyl 
trichloride  and  vanadium  pentoxide.  It  is  insoluble  in  acids,  but 
may  be  obtained  in  solution  by  the  reducing  action  of  nascent 
hydrogen  (evolved  from  metallic  magnesium)  on  a  solution  of  vana- 
dic acid  in  sulphuric  acid. 

Vanadithm  Tetroxide,  Hijpovanadic  Oxide,  or  Vanadyl  Dioxide, 
V204  =  (V202)02. — This  oxide  is  produced  either  b}^  oxidation  of 
the  dioxide  or  trioxide,  or  by  partial  reduction  of  the  pentoxide  ; 
also  by  heating  hypovanadic  chloride,  ¥20401.^,  to  redness  in  an 
atmosphere  of  carbon  dioxide.  By  allowing  the  trioxide  to  absorb 
oxygen  at  ordinary  temperatures,  the  tetroxide  is  obtained  in  blue 
shining  crystals.  It  dissolves  in  acids,  the  more  easily  in  proportion 
as  it  has  been  less  strongly  ignited,  forming  solutions  of  hypo- 
vanadic salts,  which  have  a  bright-blue  colour.  The  same 
solutions  are  produced  by  the  action  of  moderate  reducing  agents' 
such  as  sulphurous,  sul^jhydric,  or  oxalic  acid,  upon  vanadic  acid  in 
solution  ;  also  by  passing  air  through  acid  solutions  of  the  dioxide 
till  a  permanent  blue  colour  is  attained.  AVith  the  hydrates  and 
normal  carbonates  of  the  fixed  alkalis,  tliey  form  a  greyish-white  pre- 
cipitate of  liydrated  oxide,  V204,H20,  which  dissolves  in  a  moderate 
excess  of  the  reagent,  but  is  reprecipitated  by  a  large  excess  in  the 
form  of  a  vanadate  of  the  alkali-met<al. 

Hypovanadic  Trisidphate,  V20„3S03-f6H20,  is  obtained  as  a  blue 
deliquescent  crystalline  powder  by  dissolving  vanadic  o.xide  in  strong 
sulphuric  acid  and  reducing  the  solution  with  sulpinirous  acid.  A 
salt  of  similar  character,  containing  4H2O,  is  obtained  by  precipit;it- 
ing  the  concentrated  solution  witli  strong  sulphuric  acid.  A  disul- 
phale,  YoO^,2SOr^  +  lU.fl,   is  obtained  as  a  light-blue  crystalline 
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powder,  wlien  the  pure  trisulphate,  or  the  residue  left  on  evaporat- 
ing a  solution  of  the  tetroxide  in  sulphuric  acid,  is  treated  with 
absolute  alcohol  (Crow).  Berzelius  by  similar  means  obtained  a 
disulphate  with  4H2O. 

Vanadium  tetroxide  also  unites  with  the  more  basic  metallic 
oxides,  forming  salts  called  h  y  p  o  v  a  n  a  d  a  t  e  s,  all  of  which  are  in- 
soluble, except  those  of  the  alkali-metals.  The  solutions  of  the 
alkaline  hypovanadates  are  brown,  and  when  treated  with  hydrogen 
sulphide  they  acquire  a  splendid  red-purple  colour,  arising  from  the 
formation  of  a  sulphur  salt. — Acids  colour  them  blue,  by  forming  a 
double  hypovanadic  salt ;  tincture  of  galls  colours  them  blackish- 
blue.  The  insoluble  hypovanadates,  when  moistened  or  covered  with 
water,  become  green,  and  are  converted  into  vanadates. 

Crow  has  obtained  the  following  hypovanadates  by  treating  hypo- 
vanadic chloride  with  the  corresponding  basic  oxides  : — 

Potassium  salt,  .  .  K.f),'2Y.,0^  -1-7H20 

Sodium  salt,   .  .  .  Na,0,2V,04  -f7H„0 

Ammonium  salt,  .  .  (NH4).,0,2V204  +3H2O 

Barium  salt,   .  .  .  BaO,2V204  +bll^O. 

The  Lead  Salt,  PbO,V204,  is  formed,  together  with  potassium 
acetate  and  free  acetic  acid,  by  precipitating  a  solution  of  lead 
acetate  with  potassium  hypovauadate  : 

K20,2V204  +  2Pb(C2H302),  +  H2O  =  2(PbO,V204)  -f-  2KC.,H30, 

+  2C2H4O2 : 

The  Silver  Salt,  Ag20,V204,  is  formed  by  a  precisely  similar  reac- 
tion from  potassium  hypovauadate  and  silver  nitrate. 

Vanadium  Pentoxide,  Vcmadic  Oxide,  or  Vanadyl  Trioxide,  V205  = 
(¥202)03. — This  is  the  highest  oxide  of  vanadium.  It  may  be  pre- 
pared from  native  lead  vanadate.  This  mineral  is  dissolved  in  nitric 
acid,  and  the  lead  and  arsenic  are  precipitated  by  hydrogen  sulphide, 
which  at  the  same  time  reduces  the  vanadium  pentoxide  to  tetr- 
oxide. The  blue  filtered  solution  is  then  evaporated  to  dryness, 
and  the  residue  digested  in  ammonia,  which  dissolves  out  the  vauadic 
oxide  reproduced  during  evaporation.  Into  this  solution  a  lump  of 
sal-ammoniac  is  put ;  as  that  salt  dissolves,  ammonium  vanadate 
subsides  as  a  white  powder,  being  scarcely  soluble  in  a  saturated 
solution  of  ammonium  chloride.  By  exposure  to  a  temperature 
below  redness  in  an  open  crucible,  the  ammonia  is  expelled, 
and  vanadic  oxide  left.  By  a  similar  process,  Roscoe  prei^ared 
vanadic  oxide  from  a  lime  precipitate  containing  2  per  cent,  of 
vanadium,  obtained  in  working  up  a  poor  cobalt  ore  from  Mottram 
in  Cheshire. 

Vanadium  pentoxide  has  a  reddish-yellow  colour,  and  dissolves  in 
1000  parts  of  water,  forming  a  light-yellow  solution.  It  dissolves 
also  in  the  stronger  acids,  forming  red  or  yellow  solutions,  some  of 
which  yield  crystalline  compounds  (vanadic  salts)  by  spontaneous 
evaporation.   It  reacts,  however,  with  basic  oxides  more  readily  than 
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with  acids,  forming  salts  called  vanadates.  When  fused  with 
alkaline  carbonates,  it  eliminates  3  molecules  of  carbon  dioxide, 
forming  orthovanadales  analogous  to  the  orthoi^hosphates ;  thus  : 

3(Na20,C02)  +  V2O5  =  SNaAVgOs  +  3CO2. 

It  also  forms  metavanadatcs  and  pyrovanadates  analogous  to  the 
meta-  and  pyro-phosphates,  and  two  series  of  acid  vanadates  or 
anhydrovanadaics,  viz. : 

Lead  orthovanadate,        Pb3(V04)2  or  SPbO.VjOs 

Barium  pyrovanadate,     Ba2V207  or  2BaO,V205 

Strontium  metavanadate,  Sr(V03)2  or  SrO,V20s 

Strontium  divanadate,     Sr(V03)2,V20-  or  SrO,2V,,0, 

Strontium  tri vanadate,     Sr(V03)2,2V203  or  SrO,3V20o  • 

Lead  metavanadate  occurs  native  as  dechenite  ;  the  orthovana- 
date also,  combined  with  lead  chloride,  as  vanadinite  or  vanadite, 
PbCl2,3Pb3(VOj)2,  the  mineral  in  which  vanadium  was  first  dis- 
covered. JJesdoi'dte  is  a  diplumbic  vanadate,  Pb2V20-,  or  2PbO,V20j, 
analogous  in  composition  to  a  pyrophosphate. 

The  mctavanadates  are  mostly  yellow  ;  some  of  them,  however, 
especially  those  of  the  alkaline  earth-metals,  and  of  zinc,  cadmium, 
and  lead,  are  converted  by  warming — either  in  the  solid  state,  or 
under  water,  or  in  aqueous  solution,  especially  in  presence  of  a  free 
alkali  or  alkaline  carbonate — into  isomeric  colourless  salts.  The 
same  transformation  takes  place  also,  though  more  slowly,  at  ordi- 
nary temperatures.  The  metavanadates  of  alkali-metal  are  colour- 
less. The  acid  vanadates  are  yellow,  or  yellowish- red,  both  in  the 
solid  state  and  in  solution  :  hence  the  solution  of  a  neutral  vanadate 
becomes  yellowish-red  on  addition  of  an  acid.  The  metavanadates 
of  ammonium,  the  alkali-metals,  barium,  and  lead,  are  but  sparingly 
soluble  in  water  ;  the  other  metavanadates  are  more  soluble.  The 
alkaline  vanadates  are  more  soluble  in  pure  water  than  in  water 
containing  free  allcali  or  salt :  hence  they  are  precipitated  from  their 
solutions  by  addition  of  alkali  in  excess,  or  of  salts.  The  vanadates 
are  insoluble  in  alcohol.  The  aqueous  solutions  of  vanadates  form 
yellow  precipitates  with  antimony,  copper,  lead,  and  mercury  salts  ; 
with  tincture  of  galls  they  form  a  deep  black  liquid,  which  has  been 
proposed  for  use  as  vanadium  ink. 

Hydrogen  sulphide  reduces  them  to  hypovanadates,  changing  the 
colour  from  red  or  yellow  to  blue,  and  forming  a  precipitate  of 
suli)hur. 

Ammonium  sulphide  colours  the  solutions  brown-red,  and,  on 
adding  an  acid,  a  light-brown  precipitate  is  formed,  consisting  of 
vanadic  sulphide  mixed  with  sulphur,  the  liquid  at  the  same  time 
turning  blue.  Hydrochloric  acid  decomposes  tlie  vanadates,  Avith 
evolution  of  chlorine  and  formation  of  vanadium  tetroxide. 

Vanadium  Chlorides. — Three  of  these  compounds  have  been 
obtained,  viz.  :  VClo,  VCI3,  and  VCli. 
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The  Tetrachloride,  VCI4,  is  formed  when  metallic  vanadium  or 

the  monouitride  is  heated  in  a  current  of  chlorine,  or  when  the 

vapour  of  the  oxytrichloride,  VOCI3,  mixed  with  chlorine,  is  passed 

several  times  over  red-hot  charcoal.    It  is  a  dark  yellowish-brown 

liquid,  having  the  density   1'8384  at  0°,  boiling  at   154°,  not 

solidifying  at  18°.    Its  vapour-density  referred  |to  hydrogen  is  96"6, 

1     ,        .  ,     /    51-5  +  4  X  35-4\  , 
which  is  half  the  molecular  weight  I  =  ^  ),  showing 


that  the  molecule  VOL  exhibits  the  normal  condensation  to  2  volumes 
of  vapour.  The  tetrachloride  is  quickly  decomposed  by  water,  form- 
ing a  blue  solution  of  vanadious  acid.  It  does  not  take  up  bromine  or 
an  additional  quantity  of  chlorine  when  heated  therewith  in  sealed 
tubes  :  hence  it  appears  that  vanadium  does  not  readily  form  pentad 
compounds  with  the  monad  chlorous  elements. 

The  Trichloride,  VCI3,  is  obtained  by  decomposition  of  the  tetra- 
chloride, slowly  at  ordinary  temperatures,  quickly  at  the  boiling 
temperature ;  also  by  wanning  the  trisulphide  in  a  current  of 
chlorine.  It  crystallises  in  peach-blossom-coloured  shining  plates 
resembling  chromic  chloride.  It  is  slowly  decomposed  by  water, 
forming  a  green  solution  of  hypovanadic  acid. 

The  Bichloride,  VCI2  or  V2CI4,  obtained  by  passing  the  vapour  of 
the  tetrachloride  mixed  with  hydrogen  through  a  red-hot  tube, 
crystallises  in  green  micaceous  plates,  which  are  decomposed  by 
water,  forming  a  violet  solution  of  hypovanadious  acid. 

Vanadium  Oxy chlorides,  or  Vanadyl  Chlorides  Four  of 

these  compounds  are  known,  viz.:  VOCI3,  VOClg,  VOCl,  and  VgOgCl. 

The  Oxytrichloride,  VOCI3  (formerly  regarded  as  vanadium  tri- 
chloride), is  prepared  : 

1.  By  the  action  of  chlorine  on  the  trioxide  : 

3V2O3  +  CI12  =  +  4VOCI3. 

2.  By  burning  the  dioxide  in  chlorine  gas,  or  by  passing  that  gas 
over  an  ignited  mixture  of  the  trioxide,  tetroxide,  or  pentoxide,  and 
condensing  the  vapours  in  a  cool  U-tube. 

Vanadium  oxytrichloride,  or  vanadyl  trichloride,  is  a  golden- 
yellow  liquid,  of  density  1-841  at  14-5°.  Boiling-point,  127°. 
Vapour  density,  by  experiment,  6-108  ;  by  calculation,  6-119.  When 
exposed  to  the  air,  it  emits  cinnabar-coloured  vapours,  being  resolved 
by  the  moisture  of  the  air  into  hydrochloric  and  vanadic  acids.  It 
oxidises  magnesium  and  sodium.  Its  vapour,  passed  over  perfectly 
pure  carbon  at  a  red  heat,  yields  carbon  dioxide  ;  and  when  passed, 
together  with  hydrogen,  through  a  red-hot  tube,  it  yields  vanadium 
trioxide.    These  reactions  show  that  the  compound  contains  oxygen. 

The  other  oxychlorides  of  vanadium  are  solid  bodies  obtained  by 
partial  reduction  of  the  oxytrichloride  with  zinc  or  hydrogen. 

The  second,  VOClj  or  V2O2CL  (hypovanadic  chloride),  is  also  pro- 
duced by  dissolving  the  pentoxide,  with  aid  of  heat,  in  hydrochloric 
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acid,  and  reducing  the  green  solution  -witli  sulphurous  acid.  The 
resulting  blue  liquid  leaves,  on  evaporation  over  the  water-bath,  a 
brown  deliquescent  residue  which  yields  a  blue  solution  with  water 
(Crow). 

The  Trihromide,  VBpg,  and  the  Oxybromides,  V0Br3,  and  VOBrg, 
have  also  been  obtained.  The  first  is  a  greyish-black  amorphous 
solid  :  the  second  a  dark-red  liquid ;  the  third  a  yeUowifih-brown 
deliquescent  solid. 

Vanadium  Sulphides. — Two  of  these  compounds  are  known, 
analogous  to  the  tetroxide  and  pentoxide :  both  are  sulphur  acids. 
The  tetrasulphide,  or  vanadious  sulphide,  V2^4)  black  substance 
formed  by  heating  the  tetroxide  to  redness  in  a  stream  of  hydrogen 
sulphide  ;  also  as  a  hydrate  by  dissolving  a  vanadious  salt  in  excess 
of  an  alkaline  monosulphide,  and  precipitating  with  hydrocliloric 
acid.  The  pentasulphide,  or  vanadic  sulphide,  VgSj,  is  formed  in  like 
manner  by  precipitation  from  an  alkaline  vanadate. 

Vanadium  Nitrides. — The  Mononitride,  VN,  is  formed  by  heat- 
ing the  compound  of  vanadium  oxytrichloride  with  ammonium  chlo- 
ride to  whiteness  in  a  current  of  ammonia  gas.  It  is  a  greenish- 
white  powder  unalterable  in  the  air.  The  dinitride,  VN.2,  or  Y2^if 
is  obtained  by  exposing  the  same  double  salt  in  ammonia  gas  to  a 
moderate  heat.  It  is  a  black  powder  strongly  acted  upon  by  nitric  acid. 


All  vanadium  compounds  heated  with  borax  or  phosphorus-salt 
in  the  outer  blow-pipe  flame  produce  a  clear  bead,  which  is  colour- 
less if  the  quantity  of  vanadium  is  small,  yellow  when  it  is  large  ;  in 
the  inner  flame  the  bead  acquires  a  beautifid  green  colour. 

Vanadic  and  chromic  acids  are  the  only  acids  whose  solutions  are 
red  ;  they  are  distinguished  from  one  another  by  the  vanadic  acid 
becoming  blue,  and  the  chromic  acid  green  b}^  deoxidation. 

When  a  solution  of  vanadic  acid,  or  an  acidulated  solution  of  an 
alkaline  vanadate,  is  shaken  up  with  ether  containing  hydrogen 
dioxide,  the  aqueous  solution  acquires  a  red  colour  like  that  of  ferric 
acetate,  while  tlie  ether  remains  colourless.  Tliis  reaction  will  serve 
to  detect  the  presence  of  1  part  6f  vanadic  acid  in  40,000  parts  of 
liquid.  The  other  reactions  of  vanadium  in  solution  have  already 
been  described. 


ANTIMONY. 

Symbol  Sb  (Stibium).    Atomic  weight,  120. 

This  important  metalloid  is  found  chiefly  in  the  state  of  the  black 
sulphide  Sb2S3.    To  obtain  it  in  the  free  state,  the  ore  is  freed  by 
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fusion  from  earthy  impurities,  and  is  afterwards  decomposed  by 
heating  with  metallic  iron  which  retains  the  sulphur. 

Antimony  has  a  bhiish-white  colour,  a  strong  lustre,  and  a 
granular  or  coarsely  laminated  crystalline  fracture,  according  as  it 
is  quickly  or  slowly  cooled.  By  melting  it  in  a  crucible,  then  leaving 
it  to  cool  partially,  and  pouring  out  the  still  liquid  portion,  it  may 
be  obtained  in  rhombohedral  crystals.  It  is  extremely  brittle,  and 
easily  pulverised.  Its  density  is  6 "8.  It  melts  just  below  redjiess, 
and  boils  and  volatilises  at  a  white  heat. 

On  electrolysing  a  solution  of  1  part  of  tartar-emetic  in  4  parts 
of  antimonious  chloride  with  a  small  battery  of  two  elements,  anti- 
mony forming  the  positive,  and  metallic  copper  the  negative  pole, 
crusts  of  antimony  are  obtained,  which  possess  the  remarkable  pro- 
perty of  exploding  and  catching  fire  when  scratched  with  a  metal 
point  or  touched  with  a  red-hot  wire. 

Antimony  is  not  oxidised  by  the  air  at  common  temperatures  ;  but 
when  strongly  heated,  it  burns  with  a  white  flame,  producing  oxide, 
which  is  often  deposited  in  fine  crystals.  It  is  dissolved  by  hot 
hydrochloric  acid,  with  evolution  of  hydrogen  and  production  of 
antimonious  chloride.  Nitric  acid  oxidises  it  to  metantimonic  acid, 
which  is  insoluble  in  that  liquid. 

Besides  its  application  to  medicine,  antimony  is  of  great  im- 
portance in  the  arts  as  a  constituent  of  several  alloys.  A  mixture  of 
25  parts  of  antimony,  5  parts  of  tin,  and  80  parts  of  lead  form  type- 
metal.  This  alloy  expands  at  the  moment  of  solidifying,  and  takes 
an  exceedingly  sharp  impression  of  the  mould.  It  is  remarkable  that 
its  constituents  shrink  under  similar  circumstances,  and  make  very 
bad  castings.   Stereo-metal  is  also  a  mixture  of  lead,  tin,  and  antimony. 

Britannia  metal  is  an  alloy  of  9  parts  tin  and  1  part  antimony, 
frequently  also  containing  small  quantities  of  copper,  zinc,  or 
bismuth.  An  alloy  of  12  parts  tin,  1  part  antimony,  and  a  small 
quantity  of  copper,  forms  a  superior  kind  of  pewter.  Alloys  of 
antimony  with  tin,  or  tin  and  lead,  are  now  much  used  for 
machinery-bearings  in  place  of  gun-metal.  Alloys  of  antimony 
with  nickel  and  with  silver  occur  as  natural  minerals. 

Antimony  forms  two  classes  of  compounds,  the  antimonious  com- 
pounds in  which  it  is  trivalent,  as  SbCl3,  Bb^Og,  Sb4S(j,  etc.,  and  the 
antimonic  compounds  in  which  it  is  quinquivalent,  as  SbClg,  Sb^jOg, 
Sb2S5,  etc. 

Antimonious  Hydride.   Antimonetted  Hydrogen.  Stibine, 

SbHj. — When  zinc  is  put  into  a  solution  of  antimonious  oxide,  and 
sulphuric  acid  added,  part  of  the  hydrogen  combines  with  the 
antimony,  and  the  resulting  gas,  which  is  a  mixture  of  stibine  with 
free  hydrogen,  burns  with  a  greenish  flame,  giving  rise  to  wliitc 
fumes  of  antimonious  oxide.  When  the  gas  is  conducted  through  a 
red-hot  "lass  tube  of  narrow  dimensions,  or  burned  with  a  limited 
supply  of  air,  as  when  a  cold  porcelain  surface  is  pressed  into  the 
flame,  metallic  antimony  is  deposited.    On  passing  a  current  of  anti- 
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monetted  hydrogen  through  a  solution  of  silver  nitrate,  a  black  pre- 
cipitate is  obtained,  containing  SbAg3 :  from  the  formation  of  this 
compound  it  is  inferred  that  the  gas  has  the  composition  SbH3, 
analogous  to  ammonia,  phosphine,  and  arsine.  There  are  also 
several  analogous  compounds  of  antimony  with  alcohol-radicles,  such 
as  triinethylstibine,  Sb(CH3)3,  triethylstibine,  Sb(C2H5)3,  etc. 

Chlorides. — The  Trichloride,  or  Antimonious  Chloride,  SbCl3,  for- 
merly called  butter  of  antimony,  is  produced  by  the  action  of  strong 
hydrochloric  acid  on  antimonious  sulphide  and  distilling  the  result- 
ing solution.  Antimonious  chloride  is  a  white  crystalline  solid 
which  melts  at  72°,  and  is  very  deliquescent :  it  dissolves  in  strong 
hydrochloric  acid  without  decomposition,  and  the  solution  when 
poured  into  water  gives  rise  to  a  white  bulky  precipitate,  which, 
after  a  short  time,  becomes  highly  crystalline,  and  assumes  a  pale- 
fawn  colour.  This  is  the  old  powder  of  Algaroth.  It  has  the  com- 
position SbOCl,  and  may  be  regarded  as  a  compound  of  the  tri- 
chloride and  trioxide  SbCl3,Sb203.  Alkaline  solutions  extract  the 
chloride  and  leave  the  oxide.  On  heating  this  oxychloride,  the  tri- 
chloride is  given  off,  and  another  oxychloride  Sb^OjClg  remains 
behind:  5SbOCl  =  SbCl3-l-Sb405Cl2.  When  antimonious  oxide  is 
dissolved  in  boiling  antimonious  chloride,  a  pearl-grey  crystalline 
mass  separates  on  cooling,  having  the  composition  SbOCl,7SbCl3, 
and  this  when  treated  with  absolute  alcohol  yields  the  compound 
Sb203,2SbOCl. 

The  Pentachloride,  SbClg,  is  formed,  with  brilliant  combustion, 
when  finely  powdered  antimony  is  thrown  into  chlorine  gas.  It  may 
be  prepared  by  passing  dry  chlorine  over  pulverised  antimony  gently 
heated  in  a  tubulated  retort,  or  over  the  trichloride.  It  is  a  yellow- 
ish volatile  liquid,  which  forms  a  crystalline  compound  with  a  small 
quantity  of  water,  but  is  decomposed  by  a  larger  quantity,  yielding 
antimonic  and  hydrochloric  acids. 

Tribromide  and  Tri-iodide  of  Antimony  are  also  formed  by  direct 
combination,  the  reaction  being  attended  with  evolution  of  light  and 
heat.  The  bromide  sublimes  in  colourless  deliquescent  needles, 
melts  at  95°,  sublimes  at  275°,  and  is  decomposed  by  water,  with 
formation  of  an  oxybromide.  The  tri-iodide  is  a  cinnabar-red 
powder,  soluble  in  carbon  sulphide,  and  crystallising  therefrom  in 
six-sided  tablets. 

Antimony  Trifluoride,  ^hY^,  is  obtained  in  rhombic  pyramids  by 
evaporating  a  solution  of  antimonious  oxide  in  excess  of  hydrofluoric 
acid.  It  is  deliquescent,  and  is  soluble  in  water  without  formation 
of  a  precipitate.  It  forms  crystalline  double  salts  with  fluorides  of 
alkali-metals.  The  pentajluoridc,  SbF^,  obtained  by  dissolving  anti- 
monic acid  in  hydrofluoric  acid,  is  a  gummy  mass,  which  is  decom- 
posed by  heat.  It  unites  with  the  fluorides  of  the  alkali-metals, 
forming  difficultly  crystallisable  double  salts. 


Oxides.— Antimony  forms  two  oxides,  Shfi^  and  Sb^Og  or  SbjO 
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analogous  to  tlie  clilorkles,  the  first  being  a  basic  and  tlie  second  an 
acid  oxide,  also  an  intermediate  neutral  oxide,  SbgO^  or  Sb^Og. 

A  nti  m  oniou  s  Oxid  e,  Sb40g,  occurs  native,  though  rarely,  as 
valent'inite,  or  ivhite  antimony,  in  shining  white  triinetric  crystals  ;  also 
as  senarmontite  in  regular  octahedrons  :  it  is  therefore  dimorphous. 
It  may  be  prepared  by  several  methods  :  as  by  burning  metallic  anti- 
mony at  the  bottom  of  a  large  red-hot  crucible,  in  which  case  it  is 
obtained  in  brilliant  crystals  ;  or  by  pouring  solution  of  antimonions 
chloride  into  water,  and  digesting  the  resulting  precipitate  with  a 
solution  of  sodium  carbonate.  The  oxide  thus  produced  is  anhydrous  ; 
it  is  a  pale  buff-coloured  powder,  fusible  at  a  red  heat,  and  volatile  in 
a  closed  vessel.  Its  vapour  density,  determined  at  a  red  heat, 
shows  that  its  molecular  weight  corresponds  to  the  formula  given 
above,  which  recalls  its  analogy  with  arsenious  oxide,  As40g.  In 
contact  with  air  at  a  high  temperature,  it  absorbs  oxygen  and 
becomes  changed  into  the  tetroxide.  When  boiled  with  cream  of 
tartar  (acid  potassium  tartrate),  it  is  dissolved,  and  the  solution 
yields  on  evaporation  crystals  of  tartar  emetic,  ¥^Qsh(^)G^fi^^, 
which  is  almost  the  only  antimonious  salt  that  can  bear  admixture 
with  water  without  decomposition. 

An  impure  oxide  is  sometimes  prepared  by  carefully  roasting  the 
powdered  sidphide,  and  raising  the  temperature  at  the  end  of  the 
process,  so  as  to  fuse  the  product :  it  has  long  been  known  under  the 
name  cjlass  of  antimony,  or  vitrum  antimonii. 

Antimonious  oxide  likewise  interacts  with  alkalis,  forming  salts 
called  antimonites,  which,  however,  are  very  unstable. 

The  Tetroxide,  or  A  nt  im  ono  s  o  -  A  ntimoni  c  Oxide, 
S\Oi  or  more  probably  Sb408,  Sb203,  SbgOg,  occurs  native  as 
cervantite,  or  antimony  ochre,  in  acicular  crystals,  or  as  a  crust 
or  powder.  It  is  the  ultimate  product  of  the  oxidation  of 
the  metal  by  heat  and  air  :  it  is  a  greyish-white  powder, 
infusible  and  non-volatile,  insoluble  in  water  and  acids,  except 
when  recently  precipitated.  On  treating  it  with  tartaric  acid 
or  acid  potassium  tartrate,  antimonious  oxide  is  dissolved,  auti- 
monic  acid  remaining  behind  ;  and  when  a  solution  of  the  tetr- 
oxide in  hydrochloric  acid  is  gradually  dropped  into  a  large  quantity 
of  water,  antimonious  oxide  is  precipitated,  while  antimonic  acid 
remains  dissolved.  From  these  and  similar  reactions  it  has  been 
inferred  that  the  tetroxide  is  a  compound  of  the  trioxide  and  pentoxide. 
On  the  other  hand,  it  is  sometimes  regarded  as  a  distinct  oxide, 
because  it  dissolves  in  alkalis,  forming  salts  (often  called  antimonites) 
which  may  be  obtained  in  the  solid  state.  Two  potassium  salts,  for 
example,  have  been  formed,  containing  K20,Sbij04  and  K20,2Sb.p4 ; 
and  a  calcium  salt,  aCaO.SSbaOj,  occurs  as  a  natural  mineral,  called 
romeine.  These  salts  may,  however,  be  regarded  as  compounds  of 
antimonates  and  antimonites  :  thus, 

2K.p,Sb408  =  K.p,Sb205  +  K.fi,S\Os,  or  2KSbO;,  +  SKSbOa. 

Antimonic  Oxid  e,  SbaO^,  is  formed  as  an  insoluble  hydrate  or 
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hydroxide  wlien  strong  nitric  acid  is  made  to  act  u])on  metallic 
antimony  ;  or  by  decomposing  antimony  pentachloride  with  an  excess 
of  water,  hydrochloric  acid  being  formed  at  the  same  time.  Ou 
exposing  these  hydrates  to  a  temperature  short  of  redness,  it  j'ields 
the  anhydrous  pentoxide  as  a  pale  straw-coloured  powder,  insoluble 
in  water  and  acids.  It  is  decomposed  by  a  red  heat,  yielding  the 
tetroxide  and  oxygen  gas. 

Tlie  hydroxides  or  antimonic  acids  produced  by  the  two 
processes  mentioned,  differ  in  many  of  their  properties,  and  especially 
in  their  deportment  with  bases.  The  acid  produced  by  nitric 
acid,  called  a  n  t  i  m  o  n  i  c  a  c  i  d,  or  nietantimonic  acid,  is  monobasic, 
producing  normal  salts  of  the  form  MjOjSbjO.,  or  MSbOj,  and  acid 
salts,  containing  M20,2Sb205  or  2MSb03,Sb205.  The  other,  often 
called  metantimonic  acid,  but  more  appropriately  ^^J/'^oaJiii- 
monic  acid,  forms  salts  containing  2M20,Sb205  or  Ik[^Sb20j,  and  acid 
salts  containing  2M20,2Sb205  or  M20,Sb205,  so  that  the  acid  pyro- 
antimonates  are  isomeric  or  polymeric  with  the  normal  metanti- 
monates.  Among  the  pyroantimonates  an  acid  potassium  salt, 
K2H2Sb207.6H20,  is  to  be  particularly  noticed  as  yielding  a  pre- 
cipitate with  sodium  salts  :  it  is,  indeed,  the  only  reagent  which 
precipitates  sodium.  It  is  obtained  by  fusing  antimonic  oxide  with 
an  excess  of  potash  in  a  silver  crucible,  dissolving  the  fused  mass  in 
a  small  quantity  of  cold  water,  and  allowing  it  to  crystallise  in  a 
vacuum.  The  crystals  consist  of  normal  potassium  pyroantimonate, 
K4Sb207,  and,  when  dissolved  in  pure  water,  are  decomposed  into 
free  potash  and  acid  pyroantimonate.  Orthoautimonates  are  unknown, 
but  the  precipitate  formed  by  decomposing  the  pentachloride  with 
water  probably  consists  of  orthoantimonic  acid,  H^SbO^. 

Sulphides. — The  Trisulphide,  or  Antimonious  Sulphide,  SboSg, 
occurs  native  as  a  black,  brittle  substance,  having  a  radiated 
crystalline  texture,  and  easily  fusible.  It  may  be  ])repared  arti- 
ficially by  melting  together  antimony  and  sulphur.  When  a  solution 
of  tartar-emetic  is  precipitated  by  hydrogen  sulphide,  an  orange-red 
precipitate  falls,  which  is  the  same  substance  combined  with  a  little 
water.  If  the  precipitate  be  dried  and  gently  heated,  the  water  may 
be  expelled  without  other  change  of  colour  than  a  little  darkening, 
but  at  a  higher  temperature  it  assumes  the  colour  and  aspect  of  the 
native  sulphide.  This  remarkable  change  probably  indicates  a 
passage  from  tlie  amorphous  to  the  crystalline  state.  When  powdered 
antimonious  sulphide  is  boiled  in  a  solution  of  caustic  pot<ash,  it  is 
dissolved,  antimonious  oxide  and  potassium  sulphide  being  produced  ; 
the  former  remains  in  solution  as  potassium  antimonitc,  and  the  latter 
unites  with  an  additional  quantity  of  antimonious  sulphide  to  form  a 
soluble  thio-salt : 

6KH0  +  Sb^Ss  =  KjSbOs  +  KjSbSs  -1-  3H2O. 

The  antimonious  oxide  scjiaratcs  in  small  crystals  from  the  boiling 
solution  when  the  latter  is  concentrated,  and  the  sulphur-salt  dis- 
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solves  an  extra  portion  of  antimonious  snlphide,  which  it  again 
deposits  on  cooling  as  a  red  amorphous  powder,  containing  a  small 
admixtnre  of  antimonious  oxide  and  potassium  snlphide.  This  is 
the  kermes  mineral  of  the  old  chemists.  The  filtered  solution  mixed 
with  an  acid  gives  a  potassium  salt,  hydrogen  sulphide,  and  precipi- 
tated orange-red  antimonious  sulphide.  Kermes  may  also  be  made 
by  fusing  a  mixture  of  5  parts  antimonious  sulphide  and  3  of  dry 
sodium  carbonate,  boiling  the  mass  in  80  parts  of  water,  and  filtering 
while  hot :  the  compound  separates  on  cooling.  The  compounds  of 
antimonious  suliahide  with  metallic  sulphides  are  called  thioanti- 
monites  ;  many  of  them  occur  as  natural  minerals.  For  example  : 
zinkenite,  PbSjSbgSg  ;  feather-ore,  2PbS,Sb2S3  ;  boulangerite, 
3PbS,Sb2S3 ;  fahlore,  or  tetrahedrite,  4Gu2S,Sb2S3,  the  antimony 
being  more  or  less  replaced  by  arsenic,  and  the  copper  by  silver,  iron, 
zinc,  and  mercury. 

Ajitimony  trisulphide  enters  into  the  composition  of  the  blue  or 
Bengal  lights  irsed  at  sea,  which  contain  :  dry  nitre  6  parts,  suljahur 
2  jiarts,*" antimony  trisulphide  1  part  ;  all  in  fine  powder  and  inti- 
mately mixed. 

The  Pentasuljjhide,  or  Antimonic  Sulphide,  SbjSg,  formerly  called 
sulphur  auratum,  is  also  a  sulphur-anhydride,  forming  salts  called 
thioantimonates,  most  of  which  have  the  composition  3M2S,Sb2S5  or 
M3SbS4,  analogous  to  the  normal  orthophosphates  and  arsenates. 
When  finely  powdered  antimonious  sulphide,  with  about  one-fifth  of 
its  weight  of  sulphur,  is  boiled  in  solution  of  caustic  soda  till  dissolved, 
the  following  reaction  occurs  : — 

SbjSa  +  S.,  +  8NaH0  -  NasSbO^  +  NagSbS^  +  l^a^^  +  AR^O. 

This  solution,  mixed  with  dilute  sulphuric  acid,  furnishes  sodium  sul- 
phate, and  antimony  pentasulphide,  wliich  falls  as  a  golden-yellow  floc- 
culent  precipitate,  the  antimonium  sidphuratum  of  the  Pharmacopoeia. 

The  thioantimonates  of  the  alkali-metals  and  alkaline  earth -metals 
are  very  soluble  in  water,  and  crystallise  for  the  most  part  with 
several  molecules  of  water.  Those  of  the  heavy  metals  are  insoluble, 
and  are  obtained  by  precipitation. 

Experiments. — 1.  Boil  in  a  pint  retort  2  ounces  of  finely  powdered 
native  sulphide  of  antimony  with  about  half  a  pint  of  strong  hydro- 
chloric acid  till  dissolved.  The  experiment  must  be  made  in  a  fume 
chamber.  Continue  to  boil  till  the  liquid  is  reduced  to  about  one- 
half.  A  flask  may  then  be  added  as  receiver,  and  when  the  con- 
densed product  begins  to  crystallise  in  the  neck  of  the  retort,  wliich 
should  be  kept  cool  by  means  of  wet  filter  paper,  the  receiver  may 
be  clianged  and  the  distillation  continued.  Preserve  the  product  in 
a  sealed  glass  tube  or  stoppered  bottle. 

2.  Pour  the  acid  lirjuid  collested  in  the  first  receiver  into  several 
times  its  volume  of  water,  let  the  precipitated  oxychloride  subside 
completely,  then  sii)hon  off  the  water.  Stir  up  the  precipitate  with 
solution  of  sodium  carbonate,  let  it  again  subside,  collect  the  preci- 
pitate on  a  filter,  and  wash  with  water. 
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3.  Place  the  moist  oxide  prepared  in  Experiment  2  in  a  disli 
witli  rather  more  than  an  equal  quantity  of  acid  tartrate  of  potassium. 
Boil  up  with  water  till  the  whole  is  dissoh^ed,  and  crystallise  out  the 
tartar-emetic. 

4.  Pass  sulphuretted  hydrogen  into  a  solution  of  antimonious 
chloride,  filter  off  the  precipitated  orange  sulphide,  wash  it,  and  dry 
in  the  steam-oven.  When  dry,  heat  a  portion  in  a  test-tube  filled 
with  carbon  dioxide  to  about  the  melting-point  of  tin.  The  sulphide 
then  gives  off  a  little  water,  and  suddenly  becomes  black  and  crys- 
talline. 

Reactions  of  Antimony  Compounds. — The  few  salts  of  antimony 
soluble  in  water  are  distinctly  characterised  by  the  orange  or  brick- 
red  precipitate  with  hydrogen  sulphide,  which  is  soluble  in  a  solution 
of  ammonium  sulphide,  and  again  precipitated  by  an  acid. 

Antimonious  chloride,  as  already  observed,  is  decomposed  by 
water,  yielding  a  precipitate  of  oxychloride.  The  precipitate  dis- 
solves in  hydrochloric  acid,  and  the  resulting  solution  gives,  with 
'potash,  a  white  precipitate  of  trioxide,  soluble  in  a  large  excess  of 
the  reagent.  If,  however,  the  solution  contains  tartaric  acid,  the 
precipitate  formed  by  potash  dissolves  easily  in  excess  of  the  alkali, 
forming  tartar-emetic  (potassio-antimonious  tartrate).  Zinc,  in  con- 
tact with  platinum  foil,  precipitates  antimony  from  its  solutions  as 
a  black  powder,  which  is  deposited  upon  the  foil.  Copper,  boiled 
in  an  acidified  solution  of  an  antimonious  compound,  becomes 
covered  with  a  shining  metallic  film,  which,  when  heated  alone  in  a 
small  tube,  gives  no  sublimate  of  crystals  (distinction  from  arsenic). 

For  the  detection  of  small  quantities  of  antimony,  Marsh's  test 
(see  Arsenic,  p.  190)  may  be  employed.  The  metal  may  be  separated 
from  the  gaseous  hydride  either  (1)  by  passing  through  a  heated 
tube,  when  a  black  specular  deposit  is  formed  ;  (2)  by  burning 
the  gas  and  holding  a  porcelain  dish  in  the  flame,  when  black 
spots  are  obtained  insoluble  in  sodium  hypochlorite  ;  or  (3)  by 
passing  the  gas  into  solution  of  silver  nitrate,  when  a  black 
precipitate  of  silver  antimonide,  AggSb,  is  formed. 

Solid  antimony-compounds,  fused  upon  charcoal  with  sodium 
carbonate  or  potassium  cyanide,  yield  a  brittle  globule  of  antimony, 
a  thick  white  fume  being  at  the  same  time  given  oft",  and  the  char- 
coal covered  to  some  distance  around  with  a  white  deposit  of  oxide. 


BISMUTH, 

Symbol,  Bi.    Atomic  weight,  208. 

Bismuth  is  found  cliiefly  in  the  metallic  state  disseminated  through 
various  rocks,  from  which  it  may  be  separated  by  simple  fusion. 
It  occurs  as  the  trioxide  or  bismuth  ochre,  BijOj,  less  frequently  as 
hismuthitc,  Bi^Sj,  and  still  more  sparingly  in  a  few  other  minerals,  as 
ictradymite  or  telluric  bismuth,  Bi-^Tc^,  culyiiii  or  bismuth  silicate,  etc. 
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Extraction. — The  chief  sources  of  bismuth  are  tlie  Saxon  smalt- 
works,  where  ores  containing  bismuth  and  cobalt  are  worked. 
Formerly  the  bismuth  was  extracted  by  simply  heating  these  ores 
in  sloping  tubes  ;  but  in  this  way  only  the  portion  existing  in  the 
metallic  state  was  obtained,  and  not  the  whole  even  of  that.  The 
residue  was  used  in  the  preparation  of  smalt,  and  the  bismuth  again 
extracted  from  the  cobalt-speiss.  At  present,  however,  all  bismuth 
ores  are  roasted,  and  afterwards  smelted  in  the  pots  of  the  smalt 
furnaces,  with  addition  of  iron,  carbon,  and  slag.  Two  layers  are 
thus  obtained,  the  lower  consisting  of  nearly  pure  bismuth,  which, 
owing  to  its  low  melting-point,  can  be  drawn  off  in  the  liquid  state 
after  the  upper  layer  of  cobalt-speiss  has  solidified.  The  crude  bis- 
muth thus  obtained  contains  small  quantities  of  iron,  cobalt,  lead, 
and  arsenic,  from  which  it  may  be  purified  by  fusion  with  nitre.  A 
considerable  quantity  of  bismuth  from  various  parts  of  the  world  is 
now  worked  up  in  England  at  the  Magnesium  Works  at  Patricroft. 

Bismuth  is  highly  crystaDine  and  very  brittle  ;  it  has  a  greyish- 
white  colour,  with  distinct  reddish  tinge,  its  density  is  9'823  at  12°, 
and  it  melts  at  270°,  expanding  in  the  act  of  solidification.  It  may  be 
obtained  in  very  fine  crystals  by  melting  a  considerable  quantity, 
leaving  it  to  cool  till  it  begins  to  solidify,  then  piercing  the  crust, 
and  pouring  out  the  liquid  residue.  The  crystals  thus  obtained 
are  rhombohedrons  with  angles  of  nearly  90°,  so  that  they  present 
the  appearance  of  cubes.  Bismuth  volatilises  at  a  high  temperature. 
It  is  remarkable  as  being  the  most  diamagnetic  of  all  known  bodies. 
It  is  little  oxidised  by  the  air,  but  burns  with  a  bluish  fiame  when 
strongly  heated.    Nitric  acid  somewhat  diluted  dissolves  it  freely. 

A  mixture  of  8  parts  of  bismuth,  5  parts  of  lead,  and  3  of  tin  is  one 
of  several  mixtures  known  under  the  name  of  fusible  metal,  and  is 
employed  in  taking  impressions  from  dies  and  for  other  purposes  : 
it  melts  below  100°. 

Bismuth  is  used,  in  conjunction  with  antimony,  in  the  construc- 
tion of  thermo-electric  piles,  these  two  metals  forming  the  opposite 
extremes  of  the  thermo-electric  series. 

Bismuth  forms  three  classes  of  compounds,  of  which  those  in  which 
it  is  trivalent  are  the  most  stable  and  the  most  numerous.  The  only 
known  compounds  in  which  bismuth  is  quinquivalent  are  indeed 
the  pentoxide,  BijOg,  together  with  the  corresponding  metallic  salts. 
Nevertheless,  bismuth  is  regarded  as  a  pentad,  on  account  of  the 
analogy  of  its  compounds  with  those  of  antimony.  Several  bismuth 
compounds  are  known  in  which  the  metal  is  apparently  bivalent,  but 
really  trivalent,  as  : 

BiCl2  BiZlO 
Bi2Cl4,  or   I       ;  Bi^O.,,  or   I  ,  etc. 

Bicij       "  i3iz:o 

Chlorides. — The  Trichloride,  or  Bismuthous  Chloride,  is  formed 
when  bismuth  is  heated  in  a  current  of  chlorine  gas,  and  sublimes 
as  a  white,  easily  fusible,  volatile  substance  melting  at  225°,  which 
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readily  attracts  moisture  from  tlie  air,  and  is  converted  into  a 
crystallised  hydrate.  The  same  substance  is  produced  when  Msmutli 
is  dissolved  in  nitromuriatic  acid,  and  the  solution  evaporated. 
Bismuthous  chloride  dissolves  in  water  containing  hydrochloric 
acid,  but  is  decomposed  by  pure  water,  yielding  a  white  precipitate 
of  oxychloride  : 

BiClg  +  H2O  =  BiClO  +  2HC1. 

The  Dicldoride,  Bi^Cl^,  produced  by  heating  the  trichloride  with 
metallic  bismuth,  is  a  bi'own,  crystalline,  easily  fusible  mass,  decom- 
posed by  water.  At  a  high  temperature  it  is  resolved  into  the  tri- 
chloride and  metallic  bismuth. 

Oxides. — Hypobismutlious  Oxide,  BigO^,  is  obtained,  as  a  black 
precipitate,  when  a  mixture  of  bismuthous  and  stannous  chlorides  is 
poured  into  excess  of  solution  of  jjotasli.  The  precipitate  must  be 
washed  and  dried,  while  protected  as  much  as  possible  from  contact 
with  air,  as  it  is  very  easily  oxidisable. 

The  Trioxide,  or  Bismuthous  Oxide,  Bi^Og,  is  a  straw-yellow 
powder,  obtained  by  gently  igniting  the  neutral  or  basic  nitrate. 
It  is  fusible  at  a  high  temperature,  and  in  that  state  acts  towards 
siliceous  matter  as  a  powerful  flux. 

The  Hydroxide,  BigO^pHgO,  or  BiO(HO),  is  obtained  as  a  white  pre- 
cipitate when  a  solution  of  the  nitrate  is  decomjjosed  by  an  alkali. 
Both  the  hydroxide  and  the  anhydrous  oxide  dissolve  in  the  stronger 
acids,  forming  the  bismuthous  salts,  which  have  the  composition 
BiE,,  where  R  denotes  an  acid  radicle,  e.g.,  BiClj,  Bi(N03)3,  Bi.,(S04)3. 
Many  of  these  salts  crystallise  well,  but  cannot  exist  in  solution 
unless  an  excess  of  acid  is  present.  On  diluting  the  solutions  with 
water,  a  basic  salt  is  precipitated,  and  an  acid  salt  remains  in  solution. 

Bismuth  Pentoxide,  or  Bismuthic  Oxide,  BioOj. — When  bismuth 
trioxide  is  suspended  in  a  strong  solution  of  potash,  and  chlorine 
passed  through  the  liquid,  decomposition  of  water  ensues,  hydro- 
chloric acid  being  formed,  and  the  trioxide  being  converted  into  the 
pentoxide.  To  separate  any  trioxide  that  may  have  escaped  oxida- 
tion, the  powder  is  treated  with  dilute  nitric  acid,  when  the  bis- 
muthic oxide  is  left  as  a  reddish  powder,  which  is  insoluble  in 
water.  This  substance  combines  with  bases,  but  the  compounds 
are  not  very  well  known.  According  to  Arppe,  there  is  an  acid 
potassium  bismuthate  containing  KI-IBi20y,  or  KoHoBi.jOj.BiqO^. 
The  pentoxide  when  heated  loses  oxygen,  an  intermediate  oxide, 
BigO,,,  being  formed,  Avhich  may  be  considered  as  bismuthous  bis- 
muthate, 2Bi204  =  Bi203,Bi205. 

Oxysalts. — The  Normal  Nitrate,  Bi(N03)3,5H20,  forms  large 
transparent  colourless  crystals,  which  arc  decomposed  by  water  in 
the  manner  just  mentioned,  yielding  an  acid  solution  containing  a 
little  bismuth,  and  a  brilliant  white  crystalline  powder,  which  varies 
to  a  certain  extent  in  composition  according  to  tlie  temperature  and 
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tlie  quantity  of  water  employed,  but  usually  consists  of  a  hydroxy- 
nitrate  Bi(N03)(OH)2.  A  solution  of  bismuth  nitrate,  free  from  any 
great  excess  of  acid,  poured  into  a  large  quantity  of  cold  water,  yields 
an  insoluble  basic  nitrate,  very  similar  in  appearance  to  the  above, 
but  containing  rather  a  larger  proportion  of  bismuth  oxide.  This 
basic  nitrate  was  once  extensively  employed  as  a  cosmetic,  but  it  is 
said  to  injure  the  skin,  rendering  it  yellow  and  leather-like.  It  is 
iised  in  medicine. 


Reactions  of  Bismuth  Salts. — Bismuth  is  characterised  by  the  decom- 
position of  its  nitrate,  and  especially  its  chloride,  by  water,  with 
production  of  a  white  milkiuess  which  disappears  on  addition  of  suffi- 
cient acid  ;  also  by  the  formation  of  a  black  precipitate  of  suboxide, 
BijOj,  on  mixing  the  solution  of  a  bismuth  salt  with  stannous 
chloride  previously  mixed  with  excess  of  caustic  potash.  Bismuth 
sulphide,  BigSg,  is  formed  when  hydrogen  sulphide  is  passed  into 
an  acid  solution,  as  a  black  precipitate  which  is  insoluble  in  ammon- 
ium sulphide.  Bismuth  chromate  (an  oxysalt,  xBi23Cr04yBi203) 
is  a  yellow  precipitate  insoluble  in  potash  produced  by  the  addition 
of  a  soluble  chromate  to  a  slightly  acid  solution  of  bismuth. 


NIOBIUM. 

Symbol,  Nb.    Atomic  weight,  94. 

This  metal,  discovered  in  1801  by  Hatchett,  in  American  colum- 
bite,  exists  likewise,  associated  with  tantalum,  in  colunibites  from 
other  sources,  and  in  most  tantalites  ;  also  associated  with  yttrium, 
uranium,  iron,  and  small  quantities  of  other  metals,  in  Siberian 
samarskite,  uranotantalite,  or  yttroilmenite ;  also  in  pyrochlore, 
euxenite,  and  a  variety  of  pitchblende  from  Siitersdalen  in  Norway. 

The  metal,  obtained  in  the  same  manner  as  tantalum,  is  a  black 
powder,  which  oxidises  with  incandescence  when  heated  in  the  air. 
It  dissolves  in  hot  hydrofluoric  acid,  with  evolution  of  hydrogen, 
and,  at  ordinary  temperatures,  in  a  mixture  of  hydrofluoric  and 
nitric  acid  ;  slowly  also  when  heated  with  strong  sulphuric  acid. 
It  is  oxidised  by  fusion  with  acid  potassium  sulphate,  and  gradually 
converted  into  potassium  niobate  by  fusion  with  potassium  hydrate 
or  carbonate. 

Niobium  is  quinquivalent,  and  forms  only  one  class  of  compounds, 
namely,  a  chloride,  NbClg  ;  oxide,  NbgOg  ;  oxychloride,  NbOClj. 

Niobic  Oxide,  Nb20r,,  is  formed  when  the  metal  burns  in  the  air. 
It  is  prepared  from  columbite,  etc.,  by  fusing  the  levigated  mineral 
in  a  platinum  crucible  with  6  or  8  parts  of  acid  potassium  sulphate, 
removing  soluble  salts  by  boiling  the  fused  mass  with  water,  digest- 
ing the  residue  with  ammonium  sulphide  to  dissolve  tin  and  tung- 
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sten,  boiling  with  strong  hydrochloric  acid  to  remove  iron,  uranium, 
and  other  metals,  and  finally  washing  with  water.  As  thus  ob- 
tained, it  is  generally  mixed  with  tantalic  oxide,  from  which  it  may 
be  separated  by  means  of  hydrogen-potassium  fluoride,  which  con- 
verts the  tantalum  into  sparingly  solable  potassium  tantalofluoride, 
3KF,TaF5,  and  the  niobium  into  easily  soluble  potassium  nioboxy- 
fluoride,  2KF,NbOF3+H20. 

Niobic  oxide  is  a  white  amorphous  infusible  powder,  having  a 
density  4'53  and  becoming  crj^stalline  when  strongly  heated.  By 
fusion  with  boric  oxide  or  with  borax,  it  may  be  obtained  in  pris- 
matic crystals. 

Niobium  Hydroxide,  or  Niobic  Acid,  HNb03,  formed  by  decompos- 
ing the  pentachloride  or  oxychloride  with  water,  is  a  white  powder 
resembling  tantalic  acid  in  its  principal  properties.  It  is  slightly 
soluble  in  hot  hydrochloric  acid,  and  the  solution,  on  addition  of 
zinc,  turns  blue  and  yields  a  precipitate,  probably  of  Nb204. 

Niobate  s. — Some  of  these  salts  occur  as  natural  minerals,  colum- 
bite,  for  example,  being  a  ferromanganous  niobate.  The  •potassium 
niobates  crystallise  reailily  and  in  well-defined  forms.  The  hex- 
niobate,  KgNbflOigjieHaO  or  4K20,3Nbo05,16HoO,  obtained  by  fusing 
niobic  oxide  with  twice  its  weight  of  potassium  carbonate  dissolving 
the  melt  in  water,  and  evaporating  under  the  air-pump,  forms  large 
glistening  monoclinic  crystals  which  effloresce  on  exposure  to  the  air. 
On  adding  caustic  potash  to  the  solution  of  this  salt,  and  evaporating 
slowly,  the  salt  KgNb40i3,13H20  is  obtained  in  efflorescent  rhombic 
pyramids.  By  fusing  niobic  oxide  and  potassium  carbonate  together 
in  molecular  proportions,  a  crj'stalline  mass  is  obtained  which  when 
treated  with  water  yields  the  salt, 

2K2Nb40ii,llH20  or  2(K20,2NboO-)  +  IIH2O. 

With  a  larger  proportion  of  potassium  carbonate  the  salt 

K4NbgOi7,llHoO  or  2K20,3Nb205  -f  IIH2O 

is  obtained.  The  sodium  niobates  are  crystalline  powders  which 
decompose  during  washing.  There  is  also  a  sodium  and  potassium 
niobate  containing  Na20,3K20,3Nbo05,9H20. 

Niobic  Chloride,  NbCl,-,  is  obtained,  together  Avith  the  oxy- 
chloride, by  heating  an  intimate  mixture  of  niobic  oxide  and  charcoal 
in  a  stream  of  chlorine  gas.  It  is  yellow,  volatile,  and  easily  fusible. 
Its  observed  vapour-density,  according  to  Deville  and  Troost,  is  9-6 
referred  to  air,  or  138'6  referred  to  hydrogen  as  unity  ;  by  calcula- 
tion for  a  two-volume  condensation,  it  is  ^"^^q'^'^  ^  =  13575.  The 

oxychloride,  NbOClg,  is  white,  volatile,  but  not  fusible :  its  density, 
referred  to  hydrogen,  is  by  observation,  114'06:  by  calculation, 

94 -HG-f  3.35-5  ^  io8-25.  Both  these  compounds  are  converted  by 
Avater  into  niobic  oxide. 
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Niobic  Oxyfluoride,  NbOFg,  is  formed  by  dissolving  niobic  oxide 
in  hydrofluoric  acid.  It  unites  with  the  fluorides  of  the  more  basic 
metals,  forming  salts  isoraorphons  with  the  titanofluorides,  stanno- 
fluorides,  and  tungstofluorides,  1  atom  of  oxygen  in  these  salts  taking 
the  place  of  2  atoms  of  fluorine.  Marignac  has  obtained  five  potas- 
sium nioboxy fluorides,  all  perfectly  crystallised,  namely  : 

aKFjNbOFgjHgO,  crystallising  in  monoclinic  plates, 
SKFjNbOFg,  „  cuboid  forms  (system  un- 

determined), 

3KF,HF,NbOF3,         „  monoclinic  needles, 

5KF,3NbOF3,HoO,       „  hexagonal  prisms, 

4KF,3NbOF3,2H2^)     »  triclinic  prisms. 

Potassium  Niohofluoride,  3KF,NbF5,  separates  in  shining  mono- 
clinic needles  from  a  solution  of  the  first  of  the  above-mentioned 
nioboxy  fluorides  in  hydrofluoric  acid.  Nioboxyfluorides  of  am- 
monium, sodium,  zinc,  and  copper  have  also  been  obtained. 

The  isomorphism  of  these  salts  with  the  stannofluorides,  titano- 
fluorides, and  tungstofluorides,  shows  clearly  that  the  existence  of 
isomorphism  between  the  corresponding  compounds  of  any  two 
elements  must  not  be  taken  as  a  decided  proof  that  those  elements 
are  of  equal  valency,  for  in  the  case  now  under  consideration,  we 
have  isomorphous  salts  formed  by  tin  and  titanium  which  are  tetrads, 
niobium  which  is  a  pentad,  and  tungsten  which  is  a  hexad. 


The  compounds  of  niobium  cannot  easily  be  mistaken  for  those 
of  any  other  metal  except  tantalum.  The  most  characteristic  re- 
actions of  niobates  and  tantalates  with  liquid  reagents  are  the 
following : — 

Niobates.  Tantalates. 


Hydrochloric  acid,  .  . 
Ammonium  chloride,  . 


Potassium  fcrrocyanide, 
„  ferricyanide, 

Infusion  of  galls,     .  . 


White  precipitate,  in- 
soluble in  excess. 

Precipitation  slow  and 
incomplete. 


Eed  precipitate. 
Bright-yellow  precipi- 
tate. 

Orange-red  precipitate. 


White  precipitate, 
soluble  in  excess. 

Complete  precipi- 
tation as  acid 
ammonium  tan- 
talate. 

Yellow  precipitate. 

White  precipitate. 


Light-yellow 
cipitate. 


pre- 


Niobic  oxide,  heated  with  borax  in  the  outer  blow-pipe  flame, 
forma  a  colourless  bead,  which,  if  the  oxide  is  in  suflicicnt  quantity, 
becomes  opaque  by  interrupted  blowing  or  flaming.  In  microcosraic 
salt  it  dissolves  abundantly,  forming  a  colourless  bead  in  the  outer 
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flame,  and  in  the  inner  a  violet-coloured,  or  if  the  bead  is  saturated 
with  the  oxide,  a  beautiful  blue  bead,  the  colouring  disappearing  in 
the  outer  flame. 


didymium:. 

See  page  451. 


TANTALUM. 

Symbol,  Ta.    Atomic  weight,  182. 

This  metal  was  discovered,  in  1803,  by  Ekeberg,  in  two  Swedish 
minerals,  tantalite  and  yttrotantalite.  A  very  similar  metal,  colum- 
bium,  had  been  discovered  in  the  preceding  year  by  Hatchett,  in 
columbite  from  Massachusetts  ;  and  Wollaston,  in  1807,  on  com- 
paring the  compounds  of  these  metals,  concluded  that  they  were 
identical,  an  opinion  which  was  for  many  years  received  as  correct ; 
but  their  separate  identity  was  completely  established  by  the  re- 
searches of  H.  Eose  (commenced  in  1846),  who  gave  to  the  metal 
from  the  American  and  Bavarian  columbites,  the  name  Niobimyi, 
by  which  it  is  now  universally  known.  More  recently,  Marignac 
showed  that  nearly  all  tantalites  and  columbites  contain  both  tanta- 
lum and  niobium  (or  columbium),  some  tantalates,  from  Kimito,  in 
Finland,  being,  however,  free  from  niobium,  and  some  of  the  Green- 
land columbites  containing  only  the  latter  metal  unmixed  with 
tantalum.  In  all  these  minerals  tantalum  exists  as  a  tantalate  of 
iron  and  manganese ;  yttrotantalite  is  essentially  a  tantalate  of 
yttrium,  containing  also  uranium,  calcium,  irou,  and  other  metals. 
Tantahini  is  also  contained  in  some  varieties  of  wolfram. 

Metallic  tantalum  is  obtained  by  heating  the  fluotantalate  of 
potassium  or  sodium  with  metallic  sodium  in  a  well-covered  iron 
crucible,  and  washing  out  the  soluble  salts  with  water.  It  is  a  black 
powder,  which,  when  heated  in  the  air,  burns  Avith  a  bright  light, 
and  is  converted,  though  with  difficulty,  into  tantalic  oxide.  It  is 
not  attacked  by  sulphuric,  hydrochloric,  nitric,  or  even  nitromuriatic 
acid.  It  dissolves  slowly  in  warm  aqueous  hydrofluoric  acid,  with 
evolution  of  hydrogen,  and  very  rapidly  in  a  mixture  of  hydrofluoric 
and  nitric  aeids. 

Tantalum,  in  its  principal  compoimds,  is  quinquivalent,  the 
formula  of  tantalic  chloride  being  TaCl,-,  that  of  (antalic  fluoride, 
TaFg,  and  that  of  tantalic  oxide  (which,  in  combination  with  basic 
oxides,  forms  the  tantalates),Ta20(;.  There  is  also  a  tantalous  oxide, 
said  to  have  the  composition  TaOo,  and  a  corresponding  sulphide, 
TaSa. 

Tantalic  Chloride,  TaClf,,  is  obtained,  as  a  yellow  sublimate,  by 
Igniting  an  intimate  mixture  of  tantalic  oxide  and  charcoal  in  a 
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stream  of  chlorine  gas.  It  begins  to  volatilise  at  144°,  and  melts  to 
a  yellow  liquid  at  221°.  The  vapoiu'-density  between  350°  and  440° 
has  been  found  by  Deville  and  Troost  to  be  12'42  referred  to  air,  or 
178"9  referred  to  hydrogen  :  by  calculation,  for  the  normal  conden- 
sation to  two  volumes,  it  is  179'75.  Tantalic  chloride  is  decomposed 
by  water,  yielding  hydrochloric  and  tantalic  acids  ;  but  the  decom- 
position is  not  complete  even  at  the  boiling  temperature. 

Tantalic  Fluoride,  TaFg,  is  obtained  in  solution  by  treating 
tantalic  hydroxide  with  aqueous  hydrofluoric  acid.  The  solution, 
mixed  with  alkaline  fluorides,  forms  soluble  crystallisable  salts, 
called  tantalofluorides,  or  fluotantalates.  The  potas- 
sium salt,  TaKjFy  or  TaFg,2KF,  crystallises  in  monoclinic  prisms, 
isomorphous  with  the  corresponding  fluoniobate. 

Tantalic  Oxide,  TagOg,  is  produced  when  tantalum  burns  in  the 
air,  also  by  the  action  of  water  on  tantalic  chloride,  and  may  be 
separated  as  a  hydroxide  from  the  tantalates  by  the  action  of  acids. 
It  may  be  prepared  from  tantalite,  which  is  a  tantalate  of  iron  and 
manganese,  by  fusing  the  finely  pulverised  mineral  with  twice  its 
weight  of  potassium  hydroxide,  digesting  the  fused  mass  in  hot 
water,  and  supersaturating  the  filtered  solution  with  hydrochloric  or 
nitric  acid  :  tantalic  hydroxide  is  then  precipitated  in  white  flocks, 
which  may  be  purified  by  washing  with  water. 

Anhydrous  tantalic  oxide,  obtained  by  igniting  the  hydroxide  or 
sulphate,  is  a  white  powder,  varying  in  density  from  7  "022  to  8"264, 
according  to  the  temperature  to  which  it  has  been  exposed.  Heated 
in  ammonia  gas  it  yields  tantalum  nitride  :  heated  with  carbon 
bisulphide,  it  is  converted  into  tantalum  bisulphide.  It  is  insoluble 
in  all  acids,  and  can  be  rendered  soluble  only  by  fusion  with  potas- 
sium hydroxide  or  carbonate. 

Tantalum  Hydroxide,  or  Tantalic  Acid,  obtained  by  precipitating 
an  aqueous  solution  of  potassium  tantalate  with  hydrochloric  acid, 
or  by  decomposing  the  chloride  with  water,  is  a  snow-white  bulky 
powder,  which  dissolves  in  hydrochloric  and  hydrofluoric  acids  ; 
when  strongly  heated,  it  glows  and  gives  off  water. 

Tantalic  oxide  unites  with  basic  metallic  oxides,  forming  the 
tantalates,  which  are  represented  by  the  formulte,  MgOjTagOj  and 
4M20,3Ta205,  the  first  including  the  native  tantalates,  such  as  ferrous 
tantalate,  and  the  second  certain  easily  crystallisable  tantalates  of 
the  alkali-metals.  The  tantalates  of  the  alkali-metals  are  soluble  in 
water,  and  are  formed  by  fusing  tantalic  oxide  with  caustic  alkalis  : 
tliose  of  the  earth  metals  and  heavy  metals  are  insoluble,  and  are 
formed  by  precipitation. 

Tantalum  Dioxide,  or  Tantalous  Oxide,  TuO^,  may  be  represented 

0=Ta=0 

by  the  formula        I        ,  in  which  the  metal  is  still  quinquivalent. 
0=Ta=0 
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It  is  produced  by  exposing  tantalic  oxide  to  an  intense  heat  in  a 
crucible  lined  with  charcoal.  It  is  a  hard  dark-grey  substance, 
which,  when  heated  in  the  air,  is  converted  into  tantalic  oxide. 

Hydrochloric  or  Sulphuric  Acid,  added  in  excess  to  a  solution  of 
alkaline  tantalate,  forms  a  precipitate  of  tantalic  acid,  which  redis- 
solves  in  excess  of  the  hydrochloric,  but  not  of  the  sulphuric  acid. 
Potassium  ferrocyanide,  added  to  a  very  slightly  acidulated  solution 
of  an  alkaline  tantalate,  forms  a  yellow  precipitate  ;  the  ferricyanule, 
a  white  precipitate.  Infusion  of  galls  forms  a  light-yellow  precipi- 
tate, soluble  in  alkalis.  When  tantalic  chloride  is  dissolved  in  strong 
sulphuric  acid,  and  then  water  and  metallic  zinc  are  added,  a  fine 
blue  colour  is  produced,  which  does  not  turn  brown,  but  soon  dis- 
appears. 

Tantalic  oxide  fused  with  microcosmic  salt  in  either  blow-pipe 
flame  forms  a  clear,  colourless  glass,  which  does  not  turn  red  on 
addition  of  a  ferrous  salt.  "With  borax  it  also  forms  a  transparent 
glass,  which  may  be  rendered  opaque  by  interrupted  blowing,  or 
flaming. 
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METALS  OF  THE  PLATINUM  GROUP. 

Gold,  All.         Platinum,  Pt.        Palladium,  Pd. 

Iridium,  Ir.  Eliodium,  Rh. 

Osmium,  Os.  Ruthenium,  Ru. 

The3e  metals,  or  such  of  them  as  were  best  known,  were  formerly 
included,  along  with  silver  and  mercury,  in  the  class  of  "  noble 
metals,"  or  metals  whose  oxides  are  reduced  by  heat.  Palladium, 
rhodium,  and  iridium,  however,  oxidise  when  heated  moderately  in 
air  or  oxygen,  though  by  strong  ignition  their  oxides  are  decomposed 
into  oxygen  and  metal,  while  ruthenium  and  osmium  unite  with 
oxygen  forming  volatile  oxides  which  are  not  completely  decomposed 
even  at  high  temperatures. 

Platinum  and  the  metals  immediately  associated  with  it  may  be 
naturally  grouped  into  two  subdivisions,  in  each  of  which  there  is  a 
remarkable  gradation  of  physical  properties  as  well  as  of  atomic 
weights.  With  one  of  these  gold  is  closely  connected,  and  with 
the  other  there  are  many  reasons  for  associating  silver,  though  the 
compounds  of  silver  so  evidently  resemble  cuprous  compounds  that 
it  has  been  thought  best  to  class  that  metal  with  copper. 

The  following  tabular  statement  will  exhibit  clearly  the  general 
relations  of  these  metals  to  one  another,  though  their  position  in  the 
periodic  system  has  always  been  a  question  of  difficulty. 

Gold  is  undoubtedly  triad  ;  the  platinum  metals  proper  are  usually 
regarded  as  tetrad. 


At.  Wfc. 

Dena. 

At.  Wt. 

Dens. 

Au, 

197 

19-3 

Ag,  . 

108 

10-5 

Pt,     ■  . 

194-3 

21-5 

Pd,  . 

106-2 

11-5 

Ir, 

192-5 

22-4 

Ro, 

102-7 

12-0 

Os,  . 

190-3 

22-48 

Ru, 

.     ■  101-4 

12-06 

GOLD. 

Symbol,  Au  (Aurum).    Atomic  weight,  197. 

Gold,  in  small  quantities,  is  a  very  widely  diffused  metal ;  traces 
of  it  are  constantly  found  in  the  more  ancient  rocks.  It  is  always 
met  with  in  the  metallic  state,  sometimes  beautifully  crystallised  in 
the  cubic  form,  associated  with  quartz,  iron  oxide,  and  other  sub- 
stances, in  regular  mineral  veins.  The  sands  and  gravels  which 
VOL.  I.  2  m 
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result  from  the  disintegration  of  such  crystalline  rocks,  and  which 
form  the  bed  of  many  rivers,  have  long  furnished  gold  derived  from 
this  source,  the  gold  dust,  in  virtue  of  its  high  specific  gravity,  being 
easily  separable  by  a  simple  process  of  washing.  Formerly  the  chief 
supply  of  gold  was  obtained  from  the  mines  of  Brazil,  Hungary, 
and  the  Ural  mountains ;  but  California  and  Australia,  South 
Africa  and  British  Columbia,  now  yield  by  far  the  largest  quantity. 

Native  gold  is  almost  always  alloyed  with  silver.  The  purest 
specimens  have  been  obtained  from  Schabrowski,  near  Katharinen- 
burg,  in  the  Ural.  A  specimen  analysed  by  Gustav  Rose  was  found 
to  contain  98'96  per  cent,  of  gold.  The  Califomian  gold  averages 
from  87"5  to  88'5  per  cent.,  and  the  Australian  from  96  to  96-6  per 
cent.  In  some  specimens  of  native  gold,  as  in  that  from  Linarowski, 
in  the  Altai  mountains,  the  percentage  of  gold  is  as  low  as  60  per 
cent.,  the  remainder  being  silver. 

When  a  veinstone  is  wrought  for  gold,  it  is  stamped  to  powder 
and  ground  or  shaken  in  a  proper  apparatus  with  water  and  mer- 
cury, which  immediately  dissolves  the  fine  particles  of  metal,  form- 
ing an  amalgam  from  Avhich  the  gold  and  the  quicksilver  can  be 
recovered  by  distillation  in  an  iron  retort. 

Poor  ores  containing  only  a  minute  proportion  of  gold  can  be 
treated  with  some  chemical  agent  which  takes  the  gold  into  aqueous 
solution.  Auriferous  pyrites,  for  example,  is  first  roasted  and  then 
exposed  in  the  presence  of  water  to  the  action  of  chlorine  or  bromine 
vmder  slight  pressure.  The  gold  is  thus  dissolved  out  in  the  form  of 
chloride  or  bromide,  from  which  the  metal  can  afterwards  be  preci- 
pitated by  ferrous  sulphate.  Potassium  cyanide  is  now  taking  the 
place  of  chlorine  for  efi'ecting  solution  of  the  gold  which  passes  into 
solution  as  a  double  cyanide  : 

Aug  -t-  4KCy  +  0  +  R-fi  =  2KCy.AuCy  +  2KH0 
from  air. 

The  precious  metal  is  precipitated  by  metallic  zinc  or  by  some 
electrolytic  process. 

Gold  is  refined  by  the  action  of  chlorine  or  of  acids.  If  the  pro- 
portion of  silver  present  is  small,  the  metal  is  melted  and  a  stream 
of  chlorine  gas  passed  through  it  till  tlie  imj^ui'ities  have  been  con- 
verted into  chlorides.  More  commonly  the  gold  is  melted  with 
copper  or  silver,  and  in  such  proportion  that  the  alloy  does  not 
contain  more  than  about  a  quarter  of  its  weight  of  gold.  It  is  then 
boiled  with  strong  sulphuric  acid  in  cast-iron  pots.  This  consti- 
tutes the  operation  known  as  j)arting.  The  copper  and  silver  are 
converted  into  sulphates,  whilst  the  residual  gold  is  washed,  dried, 
melted  in  crucibles,  and  cast  into  bars. 

Pure  gold  is  obtained  from  its  alloj'S  by  solution  in  nitromuriatic 
acid,  and  precipitated  with  a  lerrous  salt,  which  reduces  the  gold 
aud  is  converted  into  a  ferric  salt,  thus  : 


6FeS04  +  2AUCI3  =  2Fe2(S04)3  +  FegClo  +  Au.^. 
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The  gold  falls  as  a  brown  powder,  which  acquires  the  metallic  lustre 
by  friction. 

Gold  is  a  soft  metal,  having  a  beautiful  yellow  colour.  It  sur- 
passes all  other  metals  in  malleability,  the  thinnest  gold  leaf  not 
exceeding,  it  is  said,  oTTtsWo  of  ^^^^  thickness,  while  the  gild- 
ing on  the  silver  wire  used  in  the  manufacture  of  gold-lace  is  still 
thinner.  It  may  also  be  drawn  into  very  fine  wire.  Gold  has  the 
density  19'5  ;  it  melts  at  1037°,  a  temperature  above  the  fusing 
point  of  silver.  Neither  air  nor  water  affects  it  in  the  least  at  any 
temperature  ;  the  ordinary  acids  fail  to  attack  it  singly.  A  mixture 
of  nitric  and  hydrochloric  acid  dissolves  gold,  however,  with  ease, 
the  active  agent  being  the  liberated  chlorine. 

Gold  intended  for  coin,  and  most  other  purposes,  is  always  alloyed 
with  a  certain  proportion  of  silver  or  copper,  to  increase  its  hard- 
ness and  durability  :  the  first-named  metal  confers  a  pale  greenish 
colour.  English  standard  gold  contains  ^  of  alloy,  now  always 
copper.  Gold  when  alloyed  with  copper  may  be  estimated  by  fusion 
in  a  cupel  with  lead,  in  the  same  way  as  silver  (p.  440).  If  the  alloy 
be  free  from  silver,  the  weight  of  the  globule  of  gold  left  in  the 
cupel  will,  after  repeated  fusions,  accurately  represent  the  quantity 
of  gold  which  is  present  in  the  alloy.  But  if  the  alloy  contains 
silver,  that  metal  remains  with  the  gold  after  cupellation.  In  this 
case  the  original  alloy,  consisting  of  gold,  silver,  and  cojjper,  is  fused 
in  the  muffle,  together  with  lead  and  silver ;  the  alloy  of  gold  and 
silver  remaining  after  cupellation  is  then  boiled  with  nitric  acid, 
which  dissolves  the  silver,  the  gold  being  left  bebind.  By  this  treat- 
ment, however,  an  accurate  separation  of  the  two  metals  is  obtained 
only  when  they  are  present  in  certain  proportions.  If  the  alloy 
contains  but  little  silver,  that  metal  is  protected  from  the  action  of  the 
nitric  acid  by  the  gold  ;  and  if  it  contains  too  much  silver,  the  gold 
is  left  as  a  powder  when  the  silver  is  dissolved  out.  Experience  has 
shown  that  the  most  favourable  proportions  are  J  gold  to  |  silver; 
the  gold  is  then  left  pure,  retaining  the  original  shape  of  the  alloy, 
and  can  be  easily  dried  and  weighed.  The  quantity  of  silver  which 
is  added  to  the  alloy  must  therefore  vary  with  the  amount  of  gold 
which  it  contains. 

Gold-leaf  is  made  by  rolling  out  plates  of  pure  gold  as  thin  as 
possible,  and  then  beating  them  between  folds  of  membrane  with  a 
heavy  hammer,  until  the  requisite  degree  of  tenuity  has  been  reached. 
Tlie  leaf  is  made  to  adiiere  to  wood,  etc.,  by  size  or  varnish. 

Gilding  on  copper  is  sometimes  performed  by  dipping  the  articles 
into  a  solution  of  mercury  nitrate,  and  then  shaking  them  with  a 
small  lump  of  a  soft  amalgam  of  gold,  which  thus  becomes  spread 
over  their  surfaces  :  the  articles  are  subsequently  heated  to  ex]iel  the 
mercury,  and  then  burnished.  Gilding  on  steel  may  be  efl'ected 
either  Ijy  applying  a  solution  of  auric  chloride  in  ether,  or  by 
roughening  the  surface  of  the  metal,  lieating  it,  and  applying  gold- 
leaf  with  the  Ijuriiisher.  (iilding  is  commonly  elfected  by  electro- 
lysis ixH  already  described  (p.  2!)9).    The  solution  usually  employed  is 
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obtained  by  dissolving  chloride  of  gold  iu  a  solution  of  potassium 
cyanide. 

Gold  forms  two  series  of  comijounds  :  tbe  a u r o u s  com- 
pounds, in  which  it  is  apparently  univalent,  as  AuCl,  AugO,  etc., 
and  the  auric  compounds,  in  which  it  is  trivalent,  as  AUCI3, 
AU2O3,  etc. 

Chlorides. — Aiirous  Cliloride,  AuCl  or  more  probably  AU2CI2,  is 
produced  when  the  trichloride  is  evaporated  to  dryness,  and  exposed 
to  a  temperature  of  227°  until  chlorine  ceases  to  be  evolved.  It  forms 
a  yellowish-white  mass,  insoluble  in  water.  In  contact  with  that 
liquid  it  is  decomposed  slowly  in  the  cold,  and  rapidly  hy  the  aid 
of  heat,  into  metallic  gold  and  trichloride. 

Intermediate  Auroso-cmric  Chloride,  AU2CI4,  is  a  slightly  volatile 
substance  formed  by  the  action  of  chlorine  on  finely-divided  gold. 

Auric  Chloride,  AUCI3,  is  the  most  important  compound  of  gold  : 
it  is  always  produced  when  gold  is  dissolved  in  nitro-muriatic 
acid.  The  deejD  yellow  solution  thus  obtained  yields,  by  evapora- 
tion, yellow  crystals  of  the  double  chloride  of  gold  and  hydrogen, 
HAUCI4 ;  when  this  is  cautiously  heated,  hydrochloric  acid  is 
expelled,  and  the  residue,  on  cooling,  solidifies  to  a  red  crj^stal- 
line  mass  of  auric  chloride,  very  deliquescent,  and  soluble  in  water, 
alcohol,  and  ether.  Auric  chloride  combines  with  a  number  of 
metallic  chlorides,  forming  a  series  of  double  salts,  called  c  h  1 0  r  o- 
a  urates,  of  which  the  general  formula  in  the  anhydrous  state  is 
MAuCl^  or  MCljAuClg,  M  representing  an  atom  of  a  monad  metal. 
These  compounds  are  mostly  yellow  when  in  crystals,  and  red  when 
deprived  of  water.  The  ammonium  salt,  (NH4)AuCl4,H.20,  crystal- 
lises in  transparent  needles  ;  the  sodium  salt,  NaAuCl4,2H20,  in  long 
four-sided  prisms.  Auric  chloride  also  forms  crystalline  double  salts 
with  the  hydrochlorides  of  many  organic  bases. 

A  mixture  of  auric  chloride  with  excess  of  acid  potassium  or 
sodium  carbonate  is  used  for  gilding  small  ornamental  articles  of 
copper  ;  these  are  cleaned  by  dilute  nitric  acid,  and  then  boiled  in 
the  mixture  for  some  time,  by  which  means  they  acquire  a  thin  but 
perfect  coating  of  reduced  gold. 

Oxides. — Aurous  Oxide,  Au^O,  is  produced  when  caustic  potash  is 
poured  upon  aurous  chloride.  It  is  a  green  powder,  partly  soluble 
in  the  alkaline  liquid  ;  the  solution  rapidly  decomposes  into  metalUc 
gold  which  subsides,  and  auric  oxide  which  remains  dissolved. 

Auric  Oxide,  AU2O3. — When  magnesia  is  added  to  auric  chloride, 
and  the  sparingly  soluble  aurate  of  magnesium  is  well  washed  and 
digested  with  nitric  acid,  auric  oxide  is  left  as  an  insoluble  reddish- 
yellow  powder,  which  when  dry  becomes  chestnut-brown.  It  is 
easily  reduced  by  heat,  and  by  mere  exposure  to  light ;  it  is  insoluble 
in  oxygen-acids,  with  the  exception  of  strong  nitric  acid,  insoluble  in 
hydrofluoric  acid,  easily  dissolved  by  hydrochloric  and  hydrobromic 
acids.   Alkalis  dissolve  it  freely  ;  indeed  its  acid  properties  are  very 
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strongly  marked  ;  it  partially  decomposes  a  solution  of  potassium 
chloride  when  boiled  with  that  liquid,  potassium  hydroxide  being 
produced.  When  digested  with  ammonia,  it  yields  fulminating 
gold,  consisting  of  (AuN.NH3)3H20. 

The  compounds  of  aui'ic  oxide  with  alkalis  are  called  an  rates. 
The  potasdum  salt,  K20,Au203,6H20  or  KAuOjiSHaO,  is  a  crystal- 
line salt,  the  solution  of  which  is  sometimes  used  as  a  bath  for 
electro-gilding.  A  compound  of  aurate  and  acid  sulphite  of  potas- 
sium, potassium  aurosidphite,  2(KAu02,4KHS03\H20,  is  deposited 
in  yellow  needles  when  potassium  sulphite  is  added,  drop  by  drop, 
to  an  alkaline  solution  of  potassium  aurate. 

Gold  shows  but  little  tendency  to  form  oxygen -salts.  Auric 
oxide  dissolves  in  strong  nitric  acid,  but  the  solution  is  decomposed  by 
evaporation  or  dilution.  A  sodio-aurous  thiosulphate,  Na3Au(S203)2, 
2H2O,  is  prepared  by  mixing  the  concentrated  solutions  of  auric 
chloride  and  sodium  thiosulphate,  and  precipitating  with  alcohol. 
It  is  very  soluble  in  water,  and  crystallises  in  colourless  needles. 
With  barium  chloride,  it  yields  a  gelatinous  precipitate  of  bario- 
aurous  thiosulphate,  Ba3Au2(S203)4. 

Sxilphides. — Aurous  Sulphide,  AU2S,  is  formed  as  a  dark  brown, 
almost  black  precipitate  when  hydrogen  sulphide  is  passed  into  a 
boiling  solution  of  auric  chloride.  It  forms  sulphur-salts,  with  the 
monosulphides  of  potassium  and  sodium.  Auric  sulphide,  AU2S3,  is 
precipitated  in  yellow  flocks  when  hydrogen  sulphide  is  passecl  into 
a  cold  dilute  solution  of  auric  chloride.  Both  these  sulphides  dis- 
solve in  ammonium  sulphide. 

Reactions  of  Gold  Compounds. — The  presence  of  gold  in  solution 
may  be  detected  by  the  brown  precipitate  produced  with  ferrous 
sulphate,  fusible  before  the  blow-pipe  to  a  bead  of  metallic  gold  ; 
also  by  the  brownish-purple  jirecipitate,  called  "  Purple  of  Cassius," 
formed  when  stannous  chloride  is  added  to  dilute  gold  solutions. 
The  composition  of  this  precipitate  is  not  exactly  known,  but  after 
ignition  it  doubtless  consists  of  a  mixture  of  stannic  oxide  and 
metallic  gold.    It  is  used  in  enamel  painting. 

Oxalic  acid  slowly  reduces  gold  to  the  metallic  state  :  to  ensure 
complete  precipitation,  the  gold  solution  must  be  digested  with  it 
for  twenty-four  hours. 

2AUCI3  4-  3H2O  +  3H2C2O4  =  Au2  +  6HC1  +  mp  +  6CO2. 
Gold  is  also  precipitated  by  nitrous  acid,  by  sulphurous  acid  (when 
warmed),  and  by  many  organic  substances. 
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Symbol,  Pt.    Atomic  weight,  194'3. 

This  metal  was  discovered  in  the  sands  of  certain  rivers  in  South 
America,  and  being  at  first  mistaken  for  an  ore  of  silver  was  called 
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platina  (dimiuulLve  of  Spanish  'plO'ta,  silver),  iu  reference  to  its  white 
colour.  Crude  platinum,  a  native  alloy  of  platinum,  palladium, 
rhodium,  iridium,  and  a  little  iron,  occurs  in  grains  and  rolled 
masses,  sometimes  of  tolerably  large  dimensions,  mixed  with  gravel 
and  transported  materials,  on  the  slopes  of  the  Ural  Mountains  in 
Eussia,  also  in  Brazil,  Ceylon,  and  a  few  other  places. 

From  this  substance  platinum  is  prepared  by  the  following 
process : — The  crude  metal  is  acted  upon  as  far  as  possible  by 
aqua  regia  containing  an  excess  of  hydrochloric  acid  and  slightly 
diluted  with  water,  in  order  to  dissolve  as  small  a  quantity  of 
iridium  as  possible  :  to  the  deep  yellowish-red  and  highly  acid  solu- 
tion thus  produced,  sal-ammoniac  is  added,  by  which  nearly  the 
whole  of  the  platinum  is  thrown  down  in  the  state  of  ammonium 
platinochloride.  This  substance,  washed  with  a  little  cold  water, 
dried,  and  heated  to  redness,  leaves  metallic  platinum  in  the  spongy- 
state.  This  metal  cannot  be  fused  into  a  compact  mass  by  ordinary 
furnace-heat,  but  the  same  object  may  be  accomplished  by  taking 
advantage  of  its  property  of  welding,  like  iron,  at  a  high  temperature. 
According  to  the  process  formerly  employed,  the  spongy  platinum 
was  made  into  a  thin  uniform  paste  with  water,  introduced  into  a 
slightly  conical  mould  of  brass,  and  subjected  to  a  graduated  pres- 
sure, by  which  the  water  was  squeezed  out,  and  the  mass  at  length 
rendered  sufficiently  solid  to  bear  handling.  It  was  then  dried,  very 
carefully  heated  to  whiteness,  and  hammered,  or  subjected  to  powerful 
pressure.  If  this  operation  is  properly  conducted,  the  platinum  will 
then  be  in  a  state  to  bear  forging  into  a  bar,  which  can  afterwards 
be  rolled  into  plates,  or  drawn  into  wire,  at  pleasure. 

A  method  of  refining  platinum  by  fusion,  de%dsed  by  Deville  and 
Debray,  is  now  usually  adopted.  The  apparatus  is  as  follows  : — Tlie 
lower  part  of  the  furnace  consists  of  a  piece  of  lime,  hollowed  out  in 
the  centre  to  the  depth  of  about  a  quarter  of  an  inch  ;  a  small  notch 
is  filed  at  one  side  of  this  basin,  through  which,  after  fusion,  the 
metal  is  poured  out.  A  cover  made  of  another  piece  of  lime  fits  on 
the  top  of  this  basin  ;  it  is  also  hollowed  to  a  small  extent,  and  has 
a  conical  perforation  at  the  top,  into  which  is  inserted  the  nozzle  of 
an  oxy-liydrogen  blow-pipe.  The  M'hole  arrangement  is  firmly 
bound  with  iron  bands.  To  use  the  apparatus,  the  stop-cock  supply- 
ing the  hydrogen  (or  coal-gas)  is  opened,  and  ihe  gas  lighted  at  the 
notch  in  the  crucible  ;  the  oxygen  is  then  gradually  supplied  ;  and 
when  the  furnace  is  sufliciently  hot,  the  spongy  metal  ootained  by 
the  process  already  described  is  introduced  in  small  pieces  through 
the  orifice.  By  this  arrangement  as  much  as  50  pounds  of  platinum 
and  more  may  be  fused  at  once. 

Platinum  is  a  little  whiter  than  iron  :  it  is  exceedingly  malleable 
and  ductile,  both  hot  and  cold,  and  is  very  difficult  to  fuse,  melting 
only  before  the  oxy-hydrogen  blow-pipe.  It  is  one  of  the  heaviest 
substances  known,  its  density  being  21'5.  Neither  air,  moisture,  nor 
the  ordinary  acids  attack  platinum  in  the  slightest  degree  at  any 
temperature  :  hence  its  great  value  in  the  construction  of  chemical 
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apparatus.  It  is  dissolved  by  aqxia  regia,  and  superficially  oxidised 
by  fused  potassium  hydroxide,  wbicli  enters  into  combination  with 
the  oxide. 

Capsules  and  crucibles  of  platinum  are  of  great  value  to  the 
chemist ;  the  latter  are  constantly  used  in  mineral  analyses  for 
fusing  siliceous  matter  with  alkaline  carbonates.  They  suffer  no 
injury  in  this  operation,  although  caustic  alkali  roughens  and 
corrodes  the  metal.  The  experimenter  must  be  particularly  careful 
to  avoid  introducing  any  oxide  of  an  easily  fusible  metal,  as  that  of 
lead  or  tin,  iuto  a  platinum  crucible.  If  reduction  should  by  any 
means  occur,  these  metals  will  at  once  alloy  themselves  with  the 
platinum,  and  the  vessel  will  be  destroyed.  Platinum  is  also 
attacked  by  many  fusible  sulphides,  such  as  sulphide  of  antimony. 
A  platinum  crucible  must  never  be  put  naked  into  a  coke  or  charcoal 
tire,  but  always  placed  within  a  covered  earthen  crucible. 

The  remarkable  property  of  the  spongy  metal  to  determine  the 
vmion  of  oxygen  and  hydrogen  has  been  already  noticed  (p.  67). 
Platinum-hlach,  in  which  the  division  is  carried  much  further,  is 
prepared  by  boiling  a  solution  of  platinic  chloride  to  which  an  excess 
of  sodium  carbonate  and  some  sugar  have  been  added,  until  the  pre- 
cipitate formed  after  a  little  time  becomes  perfectly  black,  and  the 
supernatant  liquid  colourless.  The  black  powder  is  collected  on  a 
filter,  washed,  and  dried  by  gentle  heat.  This  substance  appears  to 
possess  the  j^roperty  of  condensing  gases,  more  especially  oxygen, 
into  its  pores  to  a  very  great  extent.  When  placed  in  a  solution  of 
formic  acid,  it  converts  the  latter,  with  copious  efl'ervescence,  into 
carbonic  acid  ;  alcohol,  dropped  upon  the  platinum-black,  is  oxidised 
to  acetic  acid,  the  rise  of  temperature  being  often  sufficiently  great 
to  cause  ignition.  When  exposed  to  a  red  heat,  the  black  substance 
shrinks  in  volume  and  assumes  the  appearance  of  common  spongy 
platinum. 

Platinum  forms  two  series  of  compounds  :  the  p  1  a  t  i  n  o  u  s  com- 
pounds, in  which  it  is  apparently  bivalent,  e.g.,  PtClg,  PtO,  and 
the  platinic  compounds,  in  which  it  is  quadrivalent,  e.g., 
PtCl^,  PtOa,  etc. 

Few  oxysalts  of  platinum  are  known,  one  of  the  most  definite 
being  a  platinic  pyrophosphate,  PtP207,  which  is  obtained  as  a 
yellow  insoluble  powder  when  platinum  is  heated  with  phosphoric 
anhydride  in  the  presence  of  oxygen  (Barnett). 

Chlorides. — Platinous  Chloride,  PtCla  or  PtgCL,  is  produced  when 
platinic  chloride,  dried  and  powdered,  is  exposed  for  some  time  to  a 
temperature  of  about  200°,  whereby  half  the  chlorine  is  expelled  ; 
also,  when  sulphurous  acid  gas  is  passed  into  a  solution  of  the 
tetrachloride  until  the  latter  ceases  to  give  a  precipitate  with  sal- 
ammoniac.  It  is  a  greenish-grey  powder,  insoluble  in  water,  but 
dissolved  by  hydrochloric  acid.  The  latter  solution,  mixed  with 
sal-ammoniac  or  potassium  chloride,  deposits  a  double  salt  in  fine 
red  prismatic  crystals,  containing,  in  the  last  case,  K2P1CI4  or 
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2KC],PtCl2.  The  corresponding  sodium  compound  is  very  soluble, 
and  difficult  to  crystallise.  These  double  salts  are  called  flatino&o- 
chlorides  or  cliloroplatinites.  Platinous  chloride  is  decomposed  hy 
heat  into  chlorine  and  metallic  platinum. 

Platinous  chloride  unites  with  carbon  monoxide,  forming  the  three 
compounds  PtClgCO,  2PtCl23CO,  and  PtCl22CO,  all  of  which  are 
produced  by  heating  platinous  chloride  iu  a  stream  of  carbon  mon- 
oxide. The  first  and  third  crystallise  in  yellow  needles,  the  second 
in  white  needles. 

Platinous  chloride  also  unites  with  phosphorus  trichloride,  form- 
ing the  compounds  PtClg.PClg  and  PtCl2.2PCl3.  These  two  chlorides 
are  converted  by  water — the  latter  on  exposure  to  moist  air  at  a  low 
winter  temperature — into  phosphoplatinic  and  diphospho- 

/P(0H)3 

platinic  acids,  CLPt — P(0H)3  and  Cl,Pt^   |        ,  the  former 

"  \P(0H)3 

of  which  is  tribasic,  the  latter  sexbasic. 

Platinum  Tetrachloride,  or  Platinic  Chloride,  PtCl4,  is  always  formed 
when  platinum  is  dissolved  in  agwa  regia.  The  acid  solution  yields, 
on  evaporation,  an  orange-brown  residue,  deliquescent,  and  very 
soluble  both  iu  water  and  in  alcohol ;  it  contains  the  compound 
2HCI.PCI4  or  H2PtCl(j,  which  may  be  called  chloroplatinic  acid. 
Platinic  chloride  unites  with  a  great  variety  of  metallic  chlorides, 
forming  double  salts  called  ^;Zaii?io-c/iio?'rrfcs  or  chloro-platinates  ;  the 
most  important  of  these  compounds  are  those  containing  the  metals 
of  the  alkalis,  and  ammonium.  Potassium platinochlonde,  2KCl.PtCl4, 
or  KgPtClu,  forms  a  bright-yellow  crystalline  precipitate,  being  pro- 
duced whenever  solutions  of  the  chlorides  of  platinum  and  of  potas- 
sium are  mixed,  or  a  potassium  salt  mixed  with  a  little  hydrochloric 
acid  is  added  to  platinum  tetrachloride.  It  is  feebly  soluble  in 
water,  still  less  soluble  in  dilute  alcohol,  and  is  decomposed  with 
some  difficulty  by  heat.  It  is  easily  reduced  by  hydrogen  at  a  high 
temperature,  yielding  a  mixture  of  potassium  chloride  and  platinum- 
black  :  the  latter  substance  may  thus,  indeed,  be  very  easilj'  prepared. 
The  sodi^^m  salt,  2NaCl.PtCl4,6H20,  or  NajPtClcGHjO,  is  very 
soluble,  crystallising  iu  large,  transparent,  yellow-red  prisms.  The 
ammonium  salt,  2NH4Cl.PtC]4,  is  indistinguishable,  in  physical 
cliaracters,  from  the  potassium  salt ;  it  is  thrown  down  as  a  ])recipi- 
tate  of  small,  transparent,  yellow,  octahedral  crystals  when  sal- 
ammoniac  is  mixed  with  platinic  chloiide  ;  it  is  but  feebly  soluble 
in  water,  still  less  so  in  dilute  alcohol,  and  is  decomposed  hy  heat, 
yielding  si^ongy  platinum,  while  sal-ammoniac,  hydrochloric  acid, 
and  nitrogen  are  driven  off.  Platinic  chloride  also  forms  crystal- 
lisable  double  salts  with  the  hydrochlorides  of  many  organic  bases  ; 
with  ethylamine,  for  example,  the  compound, 

2[NH2(C2Hj),HCl]PtCl4  or  [NH3(C2H,)],,PtCl6 . 
The  bromides  and  iodides  of  platinum  are  analogous  in  composition 
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to  the  chlorides,  and  likewise  form  double  salts  with  alkaline  bromides 
and  iodides. 

Exferiments. — 1.  Dissolve  a  piece  of  platinum  foil  in  aqua  reyia 
(3  vols,  hydrochloric  with  1  vol.  nitric  acid)  in  a  flask.  Pour  the 
solution  into  a  dish,  and  evaporate  on  the  water-bath  to  dryness. 

2.  Eedissolve  tlie  residue  in  a  small  quantity  of  water,  and  add 
an  excess  of  solution  of  ammonium  chloride.  Stir  the  mixture  with 
a  glass  rod,  and  after  a  few  minutes  filter  off  the  precipitate  from  the 
nearly  colourless  solution.  Drain  the  precipitate,  dry  it,  and  heat 
it,  at  first  gently,  in  a  covered  porcelain  crucible,  till  the  chloride  is 
completely  decomposed.  Trj'  some  of  the  experiments  described 
(p.  68). 

Oxides. — Platinous  Oxide,  PtO  or  Pt^Oa,  is  obtained  by  digesting 
the  dichloride  with  caustic  potash,  as  a  black  powder,  soluljle  in 
excess  of  alkali.  It  dissolves  also  in  acids  with  brown  colour,  and 
the  solutions  are  not  precipitated  by  sal-ammoniac.  "When  platinum 
dioxide  is  heated  with  solution  of  oxalic  acid,  it  is  reduced  to  mon- 
oxide, which  remains  dissolved.  The  liquid  has  a  dark-blue  colour, 
and  deposits  fine  copper-red  needles  of  platinous  oxalate. 

The  Dioxide,  or  Platinic  Oxide,  PtOj,  is  best  prepared  by  boiling 
platinic  chloride  with  a  great  excess  of  caustic  soda,  and  then  adding 
acetic  acid.  The  precipitate,  dried  at  100°,  yields  a  brown  powder, 
PtH^04,  which  at  a  higher  temperature  becomes  black  and  an- 
hydrous. It  dissolves  in  acids,  and  combines  with  alkalis  :  the  salts 
have  a  yellow  or  red  tint,  and  a  great  disposition  to  unite  with  salts 
of  the  alkalis  and  alkaline  earths,  giving  rise  to  a  series  of  double 
compounds,  which  are  not  precipitated  by  excess  of  alkali.  Both 
oxides  of  platinum  are  reduced  to  the  metallic  state  by  ignition. 

Sulpliides. — The  compounds  PtS  and  PtSg,  are  produced  by  the 
action  of  hydrogen  sulphide,  or  the  hydrosulphide  of  an  alkali-metal, 
on  the  dichloride  and  tetrachloride  of  platinum  respectively  ;  they 
are  both  black  substances,  insoluble  in  water.  Platinic  sulphide 
heated  in  a  close  vessel  gives  off  half  its  sulphur,  and  is  reduced  to 
platinous  sulphide.  It  dissolves  in  alkaline  hydroxides,  carbonates, 
and  sulphides,  forming  salts  called  thioplatinates,  which  are  decom- 
j)oaed  by  acids. 

Ammoniacal  Platinum  Compounds. — The  chlorides,  oxides, 
sulphates,  etc.,  of  platinum  are  capable  of  taking  up  two  or  more 
molecules  of  ammonia,  and  forming  compounds  analogous  in  many 
respects  to  the  ammoniacal  mercury  compounds  already  described. 

The  jjlatinum  in  some  of  these  com])ounds  is  bivalent  (jjlatoso), 
and  unites  by  two  of  its  combining  units  with  the  bivalent  grou])s, 
NH3  or  NjHn,  each  of  wliicli  retains  oue  combining  imit  free.  In 
others  the  platinum  is  quadrivalent  (jilatino),  and  unites  by  some  of 
its  combining  units  witii  ammonia  or  diammonia,  the  remaining 
units  being  satisfied  by  combination  with  electro-negative  radicles. 
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lu  others,  again,  llie  plutiiium  accumulates  in  such  a  manner  as  to 
form  compounds  containing  (Ptg)",  (Pt'"— Pt")",  (Pt''— Pt''— Pt"— 
Pt'')',  etc.  The  bivalent  groups,  NH3,  N2Hg,  always  go  by  pairs, 
excepting  in  the  semi-diammoniums,  in  which  halt'  or  a  quarter  of  the 
combining  units  of  the  platinum  is  satisfied  by  once  NgHg. 

The  names  and  constitution  of  the  several  groups  are  given  in  the 
following  table,  the  symbol  R  denoting  a  univalent  chlorous  radicle, 
such  as  CI,  NO2,  etc. 


1.  Platosammonium  compounds, 

2.  Platoseniidiamnionium  compounds, 

3.  Platomonodiammonium  compounds, 

4.  Platosodiammonium  compounds, 

5.  Platinammonium  compounds, 

6.  Platinosemidiammonium  compounds, 

7.  Platinomonodiammonium  compounds, 

8.  Platinodiammonium  compounds, 

9.  Dii^latinammonium  compounds, 

10.  Diplatosodiammonium  compounds, 

11.  Diplatinodiammonium  compounds, 

12.  Diplatiuotetradiammonium  compounds, 


p.^NH,.(NH,)R 

p^NH,(NHJR 
^"^^NH^CNHJR 

i^^^'kIh^r 

R,Pt<^^H^(^^^^)I^ 
„p  .NH,(NH,)R 

i^i;<SS:r 

RPt<NH3R 
Pt— NH2(NH4)R 

Pt— NH2(NH,)R 
R-,Pt— NH„(NH4)R 
"I 

RaPt— NH2(NH4)R 

Pp^NHo.(NH,)R 
^^Y^-NH-XNHJR 

I  NII„(XH4)R 
RPt<NH.;(NH4)R 


We  shall  here  describe  the  most  characteristic  compounds  of  each 
group,  referring  for  more  complete  description  to  larger  works. 

1 .  Plat  0  sammoni  u  m  C  omp  0  u  n  d  s. — These  compounds  are 
formed  by  abstraction  of  the  elements  of  ammonia,  MH3,  from  the 
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corresponding  platosoclianinionium-compounds.  They  are  for  the 
most  part  insoluble  in  water,  but  dissolve  in  ammonia,  reproducing 
the  platosodiammonium-compounds.    They  detonate  when  heated. 

The  Chloride,  Pt<^|[3§}  or  NaHfiPtClj,  is  formed  by  heating 

platosodiammonium  chloride  to  220-270°,  or  by  heating  the  same 
salt  with  hydrochloric  acid,  or  by  boiling  the  green  salt  of  Magnus 
(p.  556)  with  nitrate  or  sulphate  of  ammonium,  and  is  deposited  as 
a  yellow  crystalline  powder,  or  in  rhombohedral  scales.  It  dissolves 
in  4472  parts  of  water  at  0°  and  in  130  parts  of  boiling  water.  At 
270°  it  decomposes  in  the  manner  represented  by  the  equation, 

SN^HcPtClo  =  3Pt  +  4NH4CI  +  2HC1  +  . 

Silver  nitrate  added  to  its  solution  throws  down  all  the  chlorine. 
This  salt  is  isomeric  with  the  green  salt  of  Magnus,  with  the  yellow 
chloride  of  platosemidiammonium,  and  with  the  chloroplatinite  of 
platosomonodiammoninm. 

The  corresponding  iodide,  NoHuPtTg,  is  a  yellow  powder,  obtained 
by  heating  the  aqueous  solution  of  the  compound  N4Hi2Ptl2.  It 
dissolves  in  ammonia,  reproducing  the  latter  compound.  The  oxide, 
N2H'gPtO,  obtained  by  heating  platosodiammonium  oxide  (p.  556) 
to  110°,  is  a  greyish  mass,  which  when  heated  to  100°  in  a  close 
vessel,  gives  off  water,  ammonia,  and  nitrogen,  and  leaves  metallic 
platinum.  The  hydroxide,  N2HgPt(HO)2,  obtained  by  decomposing 
the  sulphate  with  baryta-water,  is  a  strong  base,  soluble  in  water, 
having  an  alkaline  reaction,  absorbing  carbonic  acid  from  the  air, 
and  liberating  ammonia  from  its  salts  (Odling).  The  sulphate, 
N2HgPtS04,H20,  and  the  nitrate,  N2HgPt(N03)2,  are  obtained  by 
boiling  the  iodide  with  sulphate  and  nitrate  of  silver  :  they  are 
crystalline,  and  have  a  strong  acid  reaction.  The  sulphate  retains 
a  molecule  of  crystallisation-water,  which  cannot  be  removed  with- 
out decomposing  the  salt. 

2.  P  lato  so  semid.iammo  ni  u  m  Compo  u  n  d  s. — These  com- 
pounds, isomeric  with  the  preceding,  are  formed  by  direct  addition 

N  H  CI  • 

of  ammonia  to  platinous  salts.  The  chloride,  Vi<^Q^  ,  is  ob- 
tained by  adding  ammonia  to  a  cold  solution  of  platinous  chloride 
in  hydrochloric  acid,  filtering  after  24  hours,  and  treating  the 
yellowish-green  residue  with  boiling  water,  which  dissolves  the 
platosemidiammonium  salt,  and  leaves  the  green  salt  of  Magnus 
formed  at  the  same  time.  The  solution  on  cooling  deposits  tlie 
platososemidiammonium  chloride  in  small  prisms,  differing  in  form 
from  the  chloride  above  described,  and  much  more  soluble  in  water, 
requiring  for  solution  387  parts  of  cold  and  26  parts  of  boiling  water. 
The  other  salts  of  this  base  are  obtained  by  decomposing  the  chloride 
with  the  corresponding  silver  salts.  The  bromide  and  iodide  crys- 
tallise in  yellow  needles  ;  the  nitrite  in  silky  needles,  which  detonate 
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wlieii  heated  ;  the  nitrate  and  sulj^hate  form  yellowish  crystalline 
crusts. 

H  R 

3.  Platosomonodiammonium  CompoiLtids,  P'^j^jjf^. 

— The  cMoroplatinite  of  this  series,  2N3H,jPtCl2,PtCl2,  formed  in 
small  quantity  on  adding  ammonia  to  a  solution  of  platinous  chloride, 
crystallises  in  brown  square  lamin;e  slightly  soluble  in  cold,  more 
soluble  in  boiling  water.  Treated  with  silver  nitrate  it  is  converted 
into  platosomonodiammonium  nitrate,  and  this,  when  heated  with 
hydrochloric  acid,  yields  the  corresponding  chloride,  NgHgPtCL, 
which  is  very  soluble,  and  crystallises  in  colourless  needles  or 
nacreous  scales. 

H  R 

4.  Plat  osodiammonium  C  omp  oun  ds,'Pt<^^-^-^. — The 

chloride,  N^HjgPtClj,  one  of  the  earliest  discovered  of  the  auimonia- 
cal  platinum  compounds,  is  obtained  by  the  action  of  ammonia  on 
the  green  salt  of  Magnus,  or  on  the  chloride  of  platosammonium. 
When  platinous  chloride  is  boiled  with  excess  of  ammonia  till  the 
green  jDrecipitate  formed  in  the  first  instance  is  redissolved,  a  solu- 
tion is  obtained,  which,  when  filtered  and  evaporated,  yields  the 
chloride  of  platosodiammonium  in  splendid  yellow  crystals  contain- 
ing one  molecule  of  water,  which  they  give  off  at  110°.  It  is 
soluble  in  water,  and  its  solution  mixed  with  platinous  chloride 
yields  j^lutosodiammonium  cMoroplatinite,  N^HioPtClojPtClo,  isomeric 
with  platosammonium  chloride,  and  constituting  the  green  salt  of 
Magnus,  the  first  discovered  of  the  ammonia-platinum  compounds. 
This  last  salt  may  also  be  prepared  by  passing  sulphurous  acid  gas 
into  a  boiling  solution  of  platinic  chloride  till  it  is  completely  con- 
verted into  platinous  chloride  (and  is  therefore  no  longer  precipitated 
by  sal-ammoniac),  and  neutralising  the  solution  with  ammonia.  It 
forms  dark-green  needles,  insoluble  in  water,  alcohol,  and  hydro- 
chloric acid. 

The  bromide  and  iodide  of  this  series  are  obtained  by  treating  the 
solution  of  the  sulphate  with  bromide  or  iodide  of  barium  :  they 
crystallise  in  cubes.  The  oxide,  N^HjoPtO,  is  obtained  as  a  crystal- 
line mass  by  decomposing  the  solution  of  the  sulphate  with  an  equi- 
valent quantity  of  baryta-water,  and  evaporating  the  filtrate  in  a 
vacuum.  It  is  strongly  alkaline  and  caustic,  like  potash,  absorbs 
carbonic  acid  rapidly  from  the  air,  and  precipitates  silver  oxide  from 
the  solution  of  the  nitrate.  It  is  a  strong  base,  neutralising  acids 
completely,  and  expelling  ammonia  from  its  salts.  It  melts  at  110", 
giving  off  water  and  ammonia,  and  leaving  platosammonium  oxide. 
Its  aqueous  solution  does  not  give  off  ammonia,  even  when  boiled. 
The  oxide  absorbs  carbon  dioxide  rapidly  from  the  air,  forming  first 
a  normal  carbonate,  N.,li,„PtC03,H.20,  and  afterward.s  an  acid  salt, 
N.,Hi.PtC03,H2C03.  The"  sidphate,  N.,Hi.,PtSO^,  and  the  Jiitratc, 
N.,lij2Pt(N03)2^  are  obtained  by  decomposing  the  chloride  with  silver 
sulphate  or  nitrate  ;  they  are  neutral,  and  crystallise  easily. 
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5.  P  I  at  i  11  a  m  m  0  n  i  u  m    G  o  m    o  u  n  d  s. — The  chloride, 

Cl2Pfc<^g''Qp  is  obtained  by  the  action  of  chlorine  on  platos- 

ammouium^  chloride  suspended  in  boiling  water.  It  is  a  lemon- 
yellow  crystalline  powder,  made  up  of  quadratic  octahedrons  with 
truncated  summits.  It  is  insoluble  in  cold  water,  very  slightly 
soluble  in  boiling  water,  or  in  water  containing  hydrochloric  acid. 
It  dissolves  in  boiling  solution  of  ammonia,  and  the  solution,  on 
cooling,  deposits  a  yellow  precipitate,  consisting  of  platinodiam- 
monium  chloride.  It  dissolves  in  boiling  potash  without  evolving 
ammonia. 

Nitrates. — An  oxynitrate,  N2HgPt(N03)20,  is  oljtained  by  boiling 
the  chloride,  NgUgPtCl^,  for  several  hours  with  dilute  silver  nitrate. 
It  is  a  yellow  crystalline  powder,  sparingly  soluble  in  cold,  more 
soluble  in  boiling  water.  The  normal  nitrate,  N2HgPt(N03)4,  is 
obtained  by  dissolving  the  oxynitrate  in  nitric  acid  :  it  is  yellowish, 
insoluble  in  cold  water,  soluble  in  hot  nitric  acid. 

The  oxide,  N2HgPt02,  is  obtained  by  adding  ammonia  to  a  boiling 
solution  of  platinamnionium  nitrate  ;  it  is  then  precipitated  in  the 
form  of  a  heavy,  yellowish,  crystalline  powder,  composed  of  small 
shining  rhomboidal  prisms  ;  it  is  nearly  insoluble  in  boiling  water, 
and  resists  the  action  of  boiling  potash.  Heated  in  a  close  vessel,  it 
gives  oif  water  and  ammonia,  and  leaves  metallic  platinum.  It  dis- 
solves readily  in  dilute  acids,  even  in  acetic  acid,  and  forms  a  large 
number  of  crystal lisable  salts,  both  neutral  and  acid,  having  a  yellow 
colour,  and  sparingly  soluble  in  water.  Another  compound  of 
platinic  oxide  with  ammonia,  called  fulminating  ■platinum,  whose 
composition  has  not  been  exactly  ascertained,  is  produced  by  decom- 
posing ammonium  platino-chloride  with  aqueous  potash.  It  is  a 
straw-coloured  powder,  which  detonates  slightly  when  suddenly 
heated,  but  strongly  when  exposed  to  a  gradually  increasing  heat. 

6.  P  latino  semidi  ammonium    Gompoii^nds.  —  Isomeric 

with  the  preceding.     The  chloride,  C\^Vi<^^^^^,  formed  by  the 

action  of  chlorine  on  platinososeniidiammonium  chloride,  crystallises 
in  yellow  six-sided  plates  belonging  to  the  rhombic  system,  turning 
green  at  100°,  and  dissolving  in  potash  without  evolution  of  ammonia. 

N  H  NO 

A  hydroxy-mtrate,  (0H)2Pt<^Q|j-  ^'  is  obtained  as  an  amor- 
phous yellow  precipitate  by  treating  the  chloride  with  silver  nitrate. 
A  chloro7iitrate,  C\2Pt<^'^^'^'^^^,   obtained    by  the   action  of 

chlorine  on  platososemidiammonium  nitrate,  crystallises  in  small 
yellow  needles. 

1.  P  la  tin  am  one  di  ammonium  Com]}  ound  s. — The  chloride, 
ClgPt  formed  by  the  action  of  nitro-murintic  acid  on  plato- 
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somonodiammonium  chloride,  crystallises  in  rhombic  or  hexagonal 
plates.  A  bromonitrate,  ■'^■'2^*<Cj5i^(NX?)^  ■^2^,  obtained  by 
adding  bromine  to  the  nitrate  of  platosomonodiammonium,  forms 
yellow  soluble  crusts. 

8.  P I  at  in  ocli  ammonium    Compounds.  —  The  chloride, 
N  fl  CI 

PtCl2<C]<f ^j^^Ql  J  13  obtained  by  passing  chlorine  gas  into  a  solution 

of  ijlatosodiammonium  chloride  ;  by  dissolving  platinammonium 
chloride  in  ammonia,  and  expelling  the  excess  of  ammonia  by 
evaporation  ;  or  by  precipitating  a  solution  of  platinodiammonium 
oxynitrate,  or  chloronitrate,  with  hydrocliloric  acid.  It  is  white, 
and  dissolves  in  small  quantity  in  boiling  water,  from  which  solu- 
tion it  is  deposited  in  the  form  of  transparent  regular  octahedrons, 
having  a  faint-yellow  tint.  When  a  solution  of  this  salt  is  treated 
with  silver  nitrate,  one-half  of  the  chlorine  is  very  easily  precipitated, 
but  to  remove  even  a  small  portion  of  the  remainder  requires 
a  long-continued   action   of   the  silver-salt.     The  chlorobromide, 

^^^Pt^^^^g'^Qp  is  obtained  as  a  yellow  precipitate  by  treat- 
ing platinodiammonium  chloride  with  bromine.    A  basic  nitrate, 
>Pt<^^g''"^0'^ ,  is  obtained  by  the  action  of  nitric  acid  on 

platosodiammoniiim  nitrate,  as  a  white  crystalline  powder,  con- 
verted by  ammonia  into  the  salt  (HO).^Pt(N2He.N03)2.    The  chloro- 

svliilmte,  ClgPt^jj^jj^'^SO^,  formed  by  the  action  of  sulphuric  acid 

on  the  chloride,  crystallises  in  slender  transparent  needles.  A 
chlovoxalate,  Cl2Pt(N2H6)2C20.j,  obtained  by  treating  the  chloride  with 
ammonium  oxalate,  is  a  very  soluble  crystalline  powder. 


t(NH3l)2 

,  or 

t(NH3l)2 


I 

9.  Diplatinammoniv,m  Iodide, 

I    .      .  . 

l2(Pt2)"(NH3T)4,  the  only  term  of  this  series  at  prese'nt  known, 
is"  obtained  by  treating  platosauimonium  iodide  with  boiling  potasli, 
and  the  resulting  yellow  powder  with  hydiiodic  acid.  It  is  a  black 
amorphous  substance,  which  when  again  treated  with  potash  and 
hydriodic  acid,  yields  the  compound  L(Pt^)''(NH3l)8,  and  this  by 
similar  treatment  may  be  converted  into  the  still  more  condensed 
compound  l2(Pt8)'<^"'(NH3l)io. 

10.  Diplato  sodiammoniu  m  C  o  m.  pound  s.— The  hydroxide, 
,  formed  by  the  action  of  caustic  soda  on  the 


Pt— N2H0— OH 


Pt— N2H0— OH 


chloride  of  platososemidianimonium,  is  a  greyish  crystalline  in- 
soluble powder,  wliich  detonates  violently  when  heated.  'J'reated 
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with  liydrochloric  acid,  it  yields  a  yellow  powder,  which  is  converted 
by  boiling  water  into  the  chloruk,  Pt2(N2HoCl)o. 

Cl2Pt-NH,(NH4)Cl 

11.  Diplatinodiammonium  Chloride,       (  , 

Cl2Pt-NH2(NH4)Cl 

is  a  yellow  amorphous  powder  formed  by  the  action  of  nitro-muriatic 
acid  on  the  hydroxide  of  the  preceding  series. 

12.  Diplatino-tetradia  in  m  o  n  i  u  m  Compound  s, 
Rn{NJlf.R%  yPt(N2H6.N03),, 

I  or  NsH„4Pt2Ru.    An  oxynitrate,  0<;  1 

KPt(N2HeE)2  "  \Pt(N2H,.N03)2 

or  N8H24Pt2(N03)40,  is  produced  by  boiling  platosodiammoniuni 
nitrate  with  nitric  acid.  It  is  a  colourless,  crystalline,  detonating 
."salt,  slightly  soluble  in  cold  water,  more  soluble  in  boiling 
water,  insoluble  in  nitric  acid  (Gerbardt).  A  chloroxynitrate, 
N8H24Pt2(N03)40Cl2,  discovered  by  Raewsky,  is  formed  when 
Magnus's  green  salt  is  boiled  with  a  large  excess  of  nitric  acid. 
Red  fumes  are  then  evolved,  and  the  resulting  solution  deposits  the 
chloroxynitrate  in  small  brilliant  needles,  which  deflagrate  when 
heated,  giving  off  water  and  sal-ammoniac,  and  leaving  metallic 
platinum.  The  nitrate  group  in  this  salt  may  be  replaced  by  an 
equivalent  quantity  of  carbonic  or  oxalic  radicle,  yielding  the  com- 
pounds, N8H24Pt2(C03)20Cl2,  aud  N8H.,4Pt2(C204)20Cl2,  both  of 
which  are  crystallisable,  and  sparingly  soluble.  A  basic  oxalonitrate, 
N3H24Pt2(C204)2(N03)20,  insolublc  in  water,  is  obtained  by  adding 
ammonium  oxalate  to  the  oxynitrate. 

Reactions  of  Platinum  Salts. — Platinic  chloride,  or  a  platinic 
oxygen  salt,  may  be  recognised  in  solution  by  the  yellow  precipitate 
which  it  forms  with  sal-ammoniac,  decomposible  by  heat,  with  pro- 
duction of  spongy  metal. 

Hydrogen  sulphide  and  ammonium  sulphide  gradually  form  a  brown 
precipitate  of  platinic  sulphide,  soluble  in  excess  of  ammonium  sul- 
phide.   Zinc  precipitates  metallic  platinum. 

Platinic  chloride  and  sodium  platinochloride  are  employed  in 
analysis  to  detect  the  presence  of  jjotassium  and  separate  it  from 
sodium.  For  the  latter  purpose,  the  alkaline  salts  are  converted  into 
chlorides,  and  mixed  with  an  excess  of  platinic  chl«ride  in  solution. 
The  solution  is  then  evaporated  to  dryness  on  a  water  bath,  nnd  the 
residue  washed  with  alcohol,  which  dissolves  the  double  sodium  salt, 
but  not  the  corresponding  potassium  compound,  KgPtClg. 


IRIDIUM. 

Symbol,  Ir.    Atomic  weight,  193. 

When  crude  platinum  is  dissolved  into  nitro-muriatic  acid,  a  small 
quantity  of  a  grey  scaly  metallic  substance  usually  remains  behind, 
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having  altogether  resisted  the  action  of  the  acid  :  this  is  a  native 
alloy  of  iridium  and  osmium,  called  osmmdimn  or  iridosmine  ;  it 
is  reduced  to  powder,  mixed  with  an  equal  weight  of  dry  sodium 
chloride,  and  heated  to  redness  in  a  glass  tuhe,  through  which  a 
stream  of  moist  chlorine  gas  is  transmitted.  The  further  extremity 
of  the  tube  is  connected  with  a  receiver  containing  solution  of 
ammonia.  The  gas,  under  these  circumstances,  is  rapidly  absorbed, 
iridium  chloride  and  osmium  chloride  being  produced :  the  former 
remains  in  combination  with  the  sodium  chloride  ;  the  latter,  being 
a  volatile  substance,  is  carried  forward  into  the  receiver,  where  it  is 
decomposed  by  the  water  into  osmic  and  hydrochloric  acids,  which 
combine  with  the  alkali.  The  contents  of  the  tube  when  cold  are 
treated  with  water,  by  which  the  iridium  and  sodium  chloride  is 
dissolved  out ;  this  is  mixed  with  an  excess  of  sodium  carbonate, 
and  evaporated  to  dryness.  The  residue  is  ignited  in  a  crucible, 
boiled  with  water,  and  dried  ;  it  then  consists  of  a  mixture  of  ferric 
oxide  and  a  combination  of  iridium  oxide  with  soda  ;  it  is  reduced 
by  hydrogen  at  a  high  temperature,  and  treated  successively  with 
water  and  strong  liydrochloric  acid,  by  which  the  alkali  and  the 
iron  are  removed,  while  metallic  iridium  is  left  in  a  finely  divided 
state.  By  strong  pressure  and  exposure  to  a  white  heat,  a  certain 
degree  of  compactness  may  be  communicated  to  the  metal. 

Iridium  is  a  white  brittle  metal,  fusible  with  great  difficulty 
before  the  oxy-hydrogen  blow-pipe.  Deville  and  Debray,  by 
means  of  their  powerful  oxy-hydrogen  blast-furnace,  fused  it  com- 
pletely into  a  pure  white  mass,  resembling  polished  steel,  brittle 
in  the  cold,  somewhat  malleable  at  a  red  heat,  and  having  a  density 
equal  to  that  of  platinum,  viz.,  22'4.  By  moistening  the  pulveru- 
lent metal  with  a  small  quantity  of  M'ater,  pressing  it  tightly,  first 
between  filtering  paper,  then  very  forcibly  in  a  press,  and  calcining 
it  at  a  white  heat  in  a  forge  fire,  it  may  be  obtained  in  the  form  of 
a  compact,  very  hard  mass,  capable  of  taking  a  good  polish,  but  still 
very  porous,  and  of  a  density  not  exceeding  16"0.  After  strong 
ignition  it  is  insoluble  in  all  acids,  but  when  reduced  by  hydrogen 
at  low  temperatures,  it  oxidises  slowly  at  a  red  heat,  and  dissolves 
in  nitro-muriatic  acid.  It  is  usually  rendered  soluble  bj''  fusing  it 
with  nitre  and  caustic  potash,  or  by  mixing  it  with  common  salt,  or 
better,  with  a  mixture  of  the  chlorides  of  potassium  and  sodium,  and 
igniting  it  in  a  current  of  chlorine,  as  above  described. 

Iridium  forms  three  series  of  compounds,  namely,  the  hypo- 
iridious  compounds,  as  IrClj  or  Ir2Cl4 ;  the  i r i d i o u s  com- 
pounds, e.g.,  IrClg  or  IrjClg  ;  and  the  iridic  compounds,  in  which 
it  is  quadrivalent,  as  in  IrCl^,  IvO.^,  etc.  It  forms  also  a  trioxide, 
IrOg,  in  which  it  appears  to  be  sexvalent. 

Chlorides. — The  Bichloride,  IrCl2  or  Ir^Clj,  is  a  dark  coloured 
mass,  and  appears  to  exist  in  certain  double  salts,  called  /fj/po- 

ch  loriridites. 

The  Trichloride,  or  Tridinv!<  Cliloride,  IrCl..,  or  IroCI^,  is  prepared  by 
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strongly  heating  iridium  with  nitre,  adding  water  and  enough  nitric 
acid  to  saturate  the  alkali,  warming  the  mixture,  and  then  dissolving 
the  precipitated  hydrate  of  the  sesquioxide  in  hydrochloric  acid  ;  it 
forms  a  dark  yellowish-brown  solution.  This  substance  combines 
with  other  metallic  chlorides,  forming  compounds  called  iridoso- 
chlorides,  or  chloriridites,  which  may  be  prepared  by  reducing  the 
corresponding  chloriridiates  with  sulphurous  acid,  hydrogen  sulphide, 
or  potassium  ferrocyanide.  Glaus  has  obtained  the  compounds 
IrCl3,3NH,Cl,3H20,  IrCl3,3KC],3H20,  and  IrCl3,3NaCl,12H20. 
They  are  olive-green  pulverulent  salts,  soluble  in  water. 

The  Tetrachloride,  or  Iridic  Chloride,  IrCl4,  is  obtained  in  solution 
by  dissolving  very  finely  divided  iridium,  or  one  of  its  oxides,  or  the 
trichloride,  in  nitro-muriatic  acid,  and  heating  the  liquid  to  the 
boiling-point.  On  evaporating  the  solution,  it  remains  in  the  form 
of  a  black,  deliquescent,  amorphous  mass,  translucent  with  dark-red 
colour  at  the  edges  ;  soluble,  with  reddish-yellow  colour,  in  water. 
It  unites  with  alkaline  chlorides,  forming  compounds  called  iridio- 
chloi-ides,  or  chloriridiates,  analogous  in  composition  to  the  chloro- 
platinates.  The  ammonium  salt,  (NH4)2lrCl(j,H20,  and  the  lootassium 
salt,  KjIrClg,  or  2KCi,IrCl4,  are  formed,  as  dark-brown  crystalline 
precipitates,  on  mixing  the  solutions  of  the  component  chlorides. 
The  potassium  salt  may  also  be  prepared  by  passing  chlorine  over  a 
gently  ignited  and  finely  divided  mixture  of  iridium  with  potassium 
chloride.  It  is  soluble  in  boiling  water,  and  crystallises  in  black 
octahedrons,  yielding  a  red  powder.  The  sodium  salt,  Na2lrCln, 
6H2O,  prepared  like  the  potassium  salt,  forms  easily  soluble  black 
tables  and  prisms,  isomorphous  with  the  corresponding  platinum 
salt. 

Oxides.— Iridium  forms  four  oxides,  IrO,  IrgOg,  Ir02,  and  IrO^, 
HijpoiridioHs  Oxide,  IiO,  is  but  little  known.  On  exposure  to  the 
air  it  is  quickly  converted  into  a  higher  oxide. 

The  Sesquioxide  or  Iridious  Oxide,  1\\0^,  was  formerly  regarded  as 
the  most  easily  formed  and  most  stable  of  the  oxides  of  iridium  ; 
but,  according  to  Glaus,  it  has  a  great  tendency  to  take  up  oxygen 
antl  pass  to  the  state  of  dioxide.  It  may  be  prepared  by  gently 
igniting  a  mixture  of  potassium  chloriridite  (K^IraGlg)  with  sodium 
carbonate  in  an  atmosphere  of  carbon  dioxide  ;  on  treating  the  pro- 
duct with  water,  the  sesquioxide  remains  in  the  form  of  a  black 
powder  insoluble  in  acids.  The  Trihydroxide  or  Iridious  Hydroxide, 
Ii'^/OH),.,  is  prepared  like  the  corresponding  rhodium  compound, 
which  it  closely  resembles. 

Iridious  oxide  unites  with  basic  oxides,  forming  salts  which  maybe 
called  iridites.  A  solution  of  a  chloriridite  in  excess  of  lime-water 
deposits,  after  standing  for  some  time  out  of  contact  of  air,  a  dirty 
yellow  precipitate  containing  3GaO,Ir203. 

Iridic  Oxide,  liO.^,  is  a  Idack  powder  obtained  by  heating  the 
tctrahydroxide  in  a  current  of  carbon  dioxide.  It  is  insoluble  in 
acids.— The  Tctrahydroxide,  or  Iridic  Hydroxide,  Ir(0H)4,  formed  by 
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oxidation  of  iriclious  hydroxide  in  the  air,  or  by  precipitating  the 
tetrachloride  with  an  alkali,  is  a  heavy  indigo-hlne  powder,  abnost 
insoluble  in  dilute  sulphuric  and  nitric  acids,  but  dissolving  slowly 
in  hydrochloric  acid.  The  indigo-blue  solution  when  heated  turns 
green,  and  afterwards  brown. 

Iridic  Peroxide,  IO3,  is  obtained  as  a  potassium  salt  by  fusing  the 
metal  with  nitre. 

Iridium,  lilce  the  other  platinum  metals,  shows  but  little  tendency 
to  form  oxygen  salts.  The  oxides  dissolve  in  acids,  but  no  definite 
salts  are  obtained  in  this  way.  The  solution  of  iridic  oxide  in 
sulphuric  acid  has  a  dark-brown  colour,  which  is  not  modified  by 
potash  in  the  same  manner  as  that  of  the  dichloride  ;  neither  does 
it  yield  any  blue  precipitate  on  boiling. 

The  only  definite  oxygen-salts  of  iridium  that  have  been  obtained 
are  an  iridious  sulphate  and  double  'salts  derived  from  sulphurous 
and  dithionic  acids. 

Iridious  Sulphite,  Ir2(S03)3,6H20,  is  formed  by  passing  sulphur 
dioxide  into  water,  holding  the  trioxide  in  suspension,  and  separates 
from  solution  on  evaporation  as  a  yellow  crystalline  precipitate. 

Hypo-iridoso-potassic  Sulphite,  KeTr2(S03)4,  is  obtained  as  a  white 
crystalline  powder,  when  the  mother-liquor  obtained  in  preparing 
potassium  chloriridite  by  passing  sulphurous  oxide  through  a  solu- 
tion of  the  chloriridate,  is  evaporated  to  a  small  bulk. 

Ammoniacal  Compounds  of  Iridium. — The  CJiloHdes  of  Iridos- 
ammonium  and  Iridosodiammonium,  Ir(NH3Cl)2,  and  Ir[NH,;(NH4)Cl]2, 
together  with  the  corresponding  sulphates,  are  prepared  like  the 
platinous  compounds  of  analogous  composition,  which  they  also  re- 
semble in  their  properties.  The  chloronitrate,  I^'<Cj^g"^j^g^)ci^^ 
is  formed  by  heating  the  chloride,  Ir(NH2Cl)2,  with  strong  nitric 
acid.  Iridiodiammonium  chloride,  Cl2lr[NH2(NH4)Cl]2,  is  obtained 
as  a  violet  precipitate  by  treating  the  nitrate  just  mentioned  with 
hydrochloric  acid. 

The  compound  10NH3,Ir2Clg,  analogous  to  the  rhodium-compound 
described  on  p.  570,  but  having  no  analogue  in  the  platinum 
series,  is  obtained  as  a  flesh-coloured  crystalline  powder  by  pro- 
longed digestion  of  ammonium  chloriridate  with  warm  aqueous 
ammonia.  The  corresponding  carbonate,  nitrate,  and  sulphate  have 
also  been  prepared. 


Iridic  solutions  (containing  the  dioxide  or  tetrachloride)  are  of 
a  dark  brown-red  colour  ;  iridious  solutions  (containing  the  scsqui- 
oxide  or  trichloride)  have  an  olive-green  colour.  The  characters  of 
an  iridic  solution  are  best  observed  with  sodium  chloriridate,  all  the 
other  iridic  compounds  being  but  slightly  soluble. 

Iridic  solutions  give  with  ammonium  ov  2Ktasstum  chloride  a  crys» 
talline  precipitate  of  ammonium  or  potassium  chloriridate,  which 


osMnjit. 


is  distinguished  from  the  corresponding  platinum  precipitate  by  its 
dark  brown-red  colour,  and  further  by  its  reduction  to  soluble  chlor- 
iridite  when  treated  with  solution  of  hydrogen  sulphide.  This 
reaction  serves  for  the  separation  of  iridium  from  platinum. 


OSMIUM. 

Symbol,  Os.    Atomic  weight,  190-3-. 

The  separation  of  this  metal  from  iridium,  ruthenium,  and  the 
other  metals  with  which  it  is  associated  in  native  osmiridium,  and 
in  platinum  residues,  depends  chiefly  on  its  ready  oxidation  with 
nitric  or  nitro-muriatic  acid,  or  by  ignition  in  air  or  oxygen,  and  the 
volatility  of  the  oxide  thus  produced. 

To  prepare  metallic  osmium,  the  alkaline  solution  of  osmic  acid 
obtained  in  the  preparation  of  iridium  or  of  ruthenium  is  mixed  with 
excess  of  hydrochloric  acid,  and  digested  with  mercury  at  40°.  The 
osmium  is  then  reduced  by  the  mercury,  and  an  amalgam  is  formed, 
which,  when  distilled  in  a  stream  of  hydrogen  till  all  the  mercury 
and  calomel  are  expelled,  leaves  metallic  osmium  in  the  form  of  a 
black  powder.  The  metal  maj^  also  be  obtained  by  igniting  ammonium 
chloro-osmite  with  sal-ammoniac.  Deville  and  Debray  prepared  it  by 
passing  the  vapour  of  the  pure  tetroxide  mixed  with  carbon  monoxide 
and  carbon  dioxide  through  a  red-hot  porcelain  tube. 

The  properties  of  osmium  vary  according  to  its  mode  of  prejjara- 
tion.  In  the  pulverulent  state  it  is  black,  destitute  of  metallic 
lustre,  which,  however,  it  acquires  by  burnishing.  It  may  also  be 
rendered  crystalline  by  fusing  with  three  or  four  parts  of  tin  in  a 
charcoal-lined  crucible,  treating  the  crystalline  alloy  with  hydro- 
chloric acid  to  remove  the  tin,  and  heating  the  residue  in  a  current 
of  hydrochloric  acid  gas.  The  crystals  are  cubes  or  very  obtuse 
rhombohedrons,  having  a  bluish-white  colour  with  violet  lustre  ; 
they  are  harder  than  glass,  and  have  the  density  22-477,  which  is 
higher  than  that  of  any  other  known  substance.  At  a  very  high 
temperature,  capable  of  melting  ruthenium  and  iridium  and  volatilis- 
ing platinum,  osmium  likewise  volatilises,  but  still  does  not  melt ; 
in  fact  it  is  the  most  refractory  of  all  metals. 

Osmium  in  the  finely-divided  state  is  highly  combustible,  con- 
tinuing to  bum  when  set  on  fire,  till  it  is  all  volatilised  as  tetroxide. 
In  this  state  also  it  is  easily  oxidised  by  nitric  or  nitro-muriatic 
acid,  being  converted  into  tetroxide.  But  after  exposure  to  a  red 
heat  it  becomes  less  combustible,  and  is  not  oxidised  by  nitric  or 
nitro-muriatic  acid. 

Osmium  Chlorides.— Osmium  forms  three  chlorides,  analogous 
to  those  of  iridium  and  ruthenium.  When  it  is  heated  in  dry 
chlorine  gas,  there  is  formed,  first  a  blue-black  sublimate  of  the 
dichloride,  then  a  red  sublimate  of  the  tetrachloride.    The  dichloride, 
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or  hypo-osmious  chloride,  OSCI2  or  Os-^Clj,  dissolves  in  water  with 
dark  violet-blue  colour.  It  is  likewise  formed  by  the  action  of 
reducing  agents  on  either  of  the  higher  chlorides,  into  which,  on  the 
other  hand,  it  is  easily  converted  by  oxidation.  The  addition  of 
potassium  chloride  renders  it  more  stable,  by  forming  a  double 
salt.  The  trichloride  has  not  been  isolated,  but  is  contained  in  the 
solution  obtained  by  treating  the  sesquioxide  with  hydrochloric  acid. 
It  forms  double  salts  with  alkaline  chlorides.  The  potassium  salt, 
KgOs2Cli2,6H20,  is  produced,  together  with  potassium  chlorosmate, 
when  a  mixture  of  pulverised  osmium  and  potassium  chloride  is 
ignited  in  chlorine  gas  ;  it  forms  dark  red-brown  crystals. 

The  Tetrachloride,  or  Osmic  Cliloride,  OSCI4,  is  the  red  compound 
which  constitutes  the  principal  part  of  the  product  obtained  by 
igniting  osmium  in  chlorine  gas. 

Osmic  chloride  unites  with  the  chlorides  of  the  alkali-metals, 
forming  salts  sometimes  called  osmiochlorides,  or  chloros- 
mate s. 

Sodium  Osmiochloride,  NagOsClg,  prepared  by  heating  a  mixture 
of  osmium  sulphide  and  sodiunr  chloride  in  a  current  of  chlorine, 
crystallises  in  orange-coloured  rhombic  prisms,  an  inch  long,  easily 
soluble  in  water  and  in  alcohol.  The  potassium  and  ammonium 
salts,  of  analogous  composition,  are  obtained  as  red-brown  crystalline 
precipitates  on  adding  sal-ammoniac  or  potassium  chloride  to  the 
solution  of  the  sodium  salt. 

Oxides. — Osmium  forms  five  oxides  analogous  to  those  of  ruthe- 
nium. Hypo-osmious  Oxide,  OsO,  is  obtained  by  igniting  hypo- 
osmious  sulphite  in  a  stream  of  carbonic  acid  gas  ;  also  as  a 
blue-black  hydrate,  by  heating  the  same  salt  with  strong  potash 
solution  in  a  closed  vessel.  Hypo-osmious  Sulphite,  OsSOj,  is  a 
black-blue  salt,  produced  by  mixing  the  aqueous  solution  of  osmium 
tetroxide  with  sulphurous  acid. — The  Sesquioxide,  or  Osmious  Oxide, 
OS2O3,  is  obtained  by  heating  either  of  the  double  salts  of  the 
trichloride  with  sodium  carbonate  in  a  stream  of  carbonic  acid  gas 
It  is  a  black  powder,  insoluble  in  acids.  The  hydroxide,  obtained  by 
precipitation,  has  a  dirty  brown-red  colour,  is  soluble  in  acids,  but 
does  not  yield  pure  salts. 

The  Dioxide,  or  Osmious  Oxide,  OsOo,  is  obtained  as  a  black  in- 
soluble powder,  by  heating  potassium  osmiochloride  with  sodium 
carbonate  in  a  stream  of  carbonic  acid  gas,  or  in  copper -red  metallic 
shining  lumps,  by  heating  the  corresponding  hydroxide.  Osmious 
Hydroxide,  or  Osmious  Acid,  Os(OH)4,  is  obtained  by  precijntating  a 
solution  of  potassium  osmio-chloride  with  boiling  potash,  or  in 
greater  purity  by  mixing  a  solution  of  potassium  osmate,  K2OSO4, 
with  dilute  nitric  acid  according  to  the  equation, 

2K2OSO4  -1-  4HNO3  =  Os(OH)4  +  OsO,  -t-  4KNO3. 

The  Trioxidc,  OsOj,  and  the  corresponding  hydroxide  or 
Osviic  Acid,  H2OSO4,  ar  not  known,  but  the  0 s m a t e-e  of  alkali- 
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metals  are  formed  by  the  action  of  reducing  agents  in  presence  of 
alkalis  on  the  tetroxide.  The  potassium  salt,  K20s04,2H20,  is  a  rose- 
coloured  crystalline  powder. 

The  Tetroxide,  OsO^,  often  called  Perosmic  Acid,  is  the  volatile 
strong-smelling  compound,  formed  when  osmium  or  either  of  its 
lower  oxides  is  heated  in  the  air  or  treated  with  nitric  or  nitro- 
hydrochloric  acid.  It  may  be  prepared  by  heating  osmium  in  a 
current  of  oxygen  gas,  and  condenses  in  the  cool  part  of  the  appa- 
ratus, in  colourless  transparent  crystals.  It  melts  below  100°,  and 
boils  at  a  temperature  a  little  above  its  melting-point.  Its  vapour 
has  an  intolerably  pungent  odour,  attacks  the  eyes  strongly  and  pain- 
fully, and  is  excessively  poisonous.  Osmium  tetroxide  is  dissolved 
slowly,  but  in  considerable  quantity,  by  water,  forming  an  acid  solu- 
tion. It  is  a  powerful  oxidising  agent,  decolorising  indigo-solution, 
separating  iodine  from  potassium  iodide,  converting  alcohol  into 
aldehyde  and  acetic  acid,  etc.  It  dissolves  in  alkalis,  forming  yellow- 
red  solutions,  which  are  inodorous  when  cold,  but  when  heated, 
give  off  the  tetroxide  and  free  oxygen,  leaving  a  residue  of  alkaline 
osmite. 

Sulphides. — Osmium  burns  in  sulphur-vapour.  Five  sulphides 
of  osmium  are  said  to  exist,  analogous  to  the  oxides,  the  first  four 
being  produced  by  decomposing  the  corresponding  chlorides  with 
hydrogen  sulphide,  and  the  tetrasulphide  by  passing  that  gas  into 
a  solution  of  the  tetroxide.  The  last  is  a  sulphur-acid,  perfectly 
soluble  in  water,  whereas  the  others  are  sulphur-bases,  slightly  soluble 
in  water,  and  forming  deep-yellow  solutions. 

Ammoniacal  Osmium  Oompo\inds. — A  cold  solution  of  potas- 
sium osmite,  mixed  with  sal-ammoniac,  yields  a  yellow  crystalline 
precipitate,  consisting,  according  to  Glaus,  of  hydrated  osmammonium 
chloride,  Os(NH3Gl)2.  An  aqueous  solution  of  the  tetroxide  treated 
with  ammonia  yields  a  brown-black  powder,  consisting  of  N2HgOs03, 

orO_Os<^jj3^jj_ 

OsMiAMic  Acid,  HgOsaNgOs  or  H20s2lSr20fl  ?— The  potassium  salt  of 
this  bibasic  acid,  K2OS2N2O5,  is  produced  by  the  action  of  ammonia 
on  a  hot  solution  of  osmium  tetroxide  in  excess  of  potash  : 

6OSO4  +  8NH3  +  6KH0  =  3K2OS2N2O5  +  I5H2O  +  N2. 

It  separates  as  a  yellow  crystalline  powder,  and  its  solution, 
treated  with  silver  nitrate,  yields  a  precipitate  of  silver  osmiamate, 
■^Si^h^fic,  from  which  the  aqueous  acid  may  be  prepared  by  de- 
composition with  hydrochloric  acid.  It  is  a  strong  acid,  decom- 
posing not  only  the  carbonates,  but  also  the  chlorides,  of  potassium 
and  sodium.  The  osmiamates  of  the  alkali-metals  and  alkaline 
earth-iiietals  are  soluble  in  water  ;  the  lead,  mercury,  and  silver  stvlta 
are  insoluble, 
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0  simjl- elite  tr  amine  Chloride,  Os02(NH3)4Cl2,  is  obtained  as 
an  orange-coloured  crystalline  precipitate  on  mixing  the  concentrated 
solutions  of  ammonium  chloride  and  potassium  osmate.  It  is  slightly 
soluble  in  cold  water,  but  is  quickly  decomposed  by  hot  water,  with 
evolution  of  osmium  tetroxide  and  precipitation  of  a  black  powder. 
It  dissolves  in  hot  water  containing  a  little  hydrochloric  acid,  form- 
ing a  deep  orange-yellow  solution  from  which  it  separates  on  cooling 
in  brown-yellow  crystals.  It  is  completely  decomposed  by  ignition, 
leaving  pure  metallic  osmium  as  a  grey  porous  mass.  The  solution 
of  the  chloride  gives  with  potassium  ferrocyanide  a  fine  violet  colour, 
affording  a  very  delicate  test  for  osmium.  The  jilatinochloriJe, 
Os02(NH3)^Cl2PtCl4,  forms  orange-yellow  crystals  slightly  soluble 
in  cold  water.  The  sulphate,  Os02(NH3)^SOj,  forms  small  orange- 
yellow  crystals,  freely  soluble  in  hot,  slightly  in  cold  water.  The 
nitrate  forms  orange-yellow  crystals  paler  than  the  sulphate.  The 
oxalate,  Os02(NH3)^C204,  is  a  very  stable  salt,  forming  yellow  or 
orange-yellow  crystals  slightly  soluble  in  cold  water. 

The  constitution  of  the  osmyl-ditetramine  compounds — the  chlo- 
ride, for  example — is  most  probably  represented  by  the  formula 
O  \  /NH3.NH3.CI 
1  >Osr 

0  /  \nH3.NH3.C1 


All  osmium  compounds  heated  with  excess  of  nitric  acid,  give  off 
the  disagreeable  odour  of  osmium  tetroxide.  By  ignition  in  hydro- 
gen, they  are  reduced  to  metallic  osmium,  which,  as  well  as  the 
lower  oxides,  emits  the  same  odour  when  heated  in  contact  with  the 
air.  From  solutions  of  any  of  its  compounds  metallic  osmium  is 
precipitated  by  zinc. 


PALLADIUM. 

Symbol,  Pd.    Atomic  weight,  106-2. 

When  the  solution  of  crude  platinum,  from  which  the  greater  part 
of  that  metal  has  been  precipitated  by  sal-ammoniac,  is  neutralised 
by  sodium  carbonate,  and  mixed  with  a  solution  of  mercuric  cyanide, 
palladium  cyanide  separates  as  a  whitish  insoluble  substance,  which, 
on  being  washed,  dried,  and  heated  to  redness,  yields  metallic 
palladium  in  a  spongy  state.  The  palladium  may  then  be  welded 
into  a  mass,  in  the  same  manner  as  platinum. 

Palladium  closely  resembles  platinum  in  colour  and  appearance  ; 
it  is  also  very  malleable  and  ductile.  Its  density  differs  very  much 
from  that  of  platinum,  being  only  1 1  '5.  It  is  also  much  more  fusible, 
its  melting-point  being  alxmt  1500°.  Palladium  is  more  oxidisable 
than  platinum.    When  heated  to  redness  in  the  air,  especially  in 
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the  state  of  sponge,  it  acc|uires  a  Mue  or  purple  superficial  film 
of  oxide,  which  is  reduced  at  a  white  heat.  Palladium  is  slowly- 
attacked  by  nitric  acid  ;  its  best  solvent  is  nitro-muriatic  acid. 

Palladium,  on  account  of  its  unalterability  in  the  air,  and  its 
bright  silver-white  colour,  which  is  not  affected  by  exposure  to  sul- 
phuretted hydrogen,  is  sometimes  used  for  preparing  the  graduated 
surfaces  of  astronomical  instruments,  and  for  coating  silver  goods. 

Palladium  is  remarkable  for  its  power  of  occluding  hydrogen. 
When  heated  to  redness  in  a  stream  of  that  gas,  or  brought  into  con- 
tact with  nascent  hydrogen,  as  when  made  to  form  the  negative 
electrode  in  an  electrolytic  cell  containing  acidulated  water,  it  can 
absorb  as  much  as  643  times  its  volume  of  the  gas,  whereby  its 
density  is  reduced  to  11-06.  The  absorption  of  the  gas  is  attended 
with  evolution  of  heat,  and  the  supposed  constancy  of  composition 
of  the  hydrogenised  palladium  has  led  to  the  hypothesis  that  this 
product  is  a  definite  chemical  compound  ;  but  this  view  can  scarcely 
be  regarded  as  satisfactorily  demonstrated  ;  at  all  events,  Graham 
assigned  to  the  supposed  compound  the  formula  PdHg,  whereas, 
according  to  Troost  and  Hautefeuille,  it  is  PdgH. 

Palladium,  like  jDlatinum,  forms  two  classes  of  compounds  ; 
namely,  the  palladious  comi^oiinds,  e.g.,  PdClg  or  Pd2Cl4, 
and  the  palladia  compounds,  e.g.,  PdCl^,  in  which  it  is 
quadrivalent. 

Chlorides. — Palladious  Cliloride,  PdClo,  is  obtained  by  dissolving 
the  metal  in  nitro-muriatic  acid,  and  evaporating  the  solution  to 
dryness.  It  is  a  dark-brown  mass,  which  dissolves  in  water  if  the 
heat  has  not  been  too  great,  and  forms  double  salts  with  many 
metallic  chlorides.  The  palladio-chlorides  of  ammonium  and  potas- 
sium are  much  more  soluble  than  the  corresponding  platino- 
chlorides  :  they  have  a  brownish-yellow  tint. 

The  Tetrachloride,  or  Palladia  Chloride,  PdCl^,  exists  only  in  solution 
and  in  combination  with  the  alkaline  chlorides.  It  is  formed  when 
the  dichloride  is  digested  in  nitro-muriatic  acid.  The  solution  has 
a  deep-brown  colour,  and  is  decomposed  by  evaporation.  Mixed  with 
potassium  chloride,  or  with  sal-ammoniac,  it  gives  rise  to  a  red  crystal- 
line precipitate,  which  is  but  slightly  soluble  in  water. 

Palladious  Iodide,  Pdlj,  is  precipitated  from  the  chloride  or  nitrate 
by  soluble  iodides,  as  a  black  powder,  which  gives  off  its  iodine 
between  300°  and  360°.  Palladium-salts  are  sometimes  employed  for 
the  quantitative  estimation  of  iodine,  and  its  separation  from  chlorine 
and  bromine,  which  are  not  precipitated  by  them. 

Oxides. — Palladious  Oxide,  PdO  or  Pd^Oo,  is  obtained  by  cautiously 
heating  the  nitrate.  It  is  black,  and  but  little  soluble  in  acids. 
The  hydroxide  falls  as  a  dark-brown  precipitate  when  sodium  car- 
bonate is  added  to  the  above  solution.  It  is  decomposed  by  a  strong 
heat. 
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The  Dioxide,  or  Palladic  Oxide,  PdOg,  is  not  known  in  the  separate 
state.  From  a  solution  of  palladic  chloride,  alkalis  and  alkaline 
carbonates  throw  down  a  brown  j^recipitate,  consisting  of  hydrated 
palladic  oxide  combined  with  the  alkali.  This  compound  gives  off 
half  its  oxygen  at  a  moderate  heat,  and  the  whole  at  a  higher 
temperature. 

Palladious  Sulphide,  PdS,  is  formed  by  fusing  the  metal  with 
sulphur,  or  by  precipitating  a  solution  of  a  palladious  salt  with 
hydrogen  sulpliide.    It  is  insoluble  in  ammonium  sulphide. 

Ammoniacal  Palladium  Compovmds. — A  moderately  concen- 
trated solution  of  palladium  dichloride,  treated  with  a  slight  excess 
of  ariimonia,  yields  a  pale-red  precipitate,  consisting  of  NjHgPdClj. 
This  precipitate  dissolves  in  a  large  excess  of  ammonia  ;  and  the 
ammoniacal  solution,  when  treated  with  acids,  yields  a  yellow  pre- 
cipitate having  the  same  composition.  This  yellow  modification  is 
likewise  obtained  by  heating  the  red  compound  in  the  moist  state  to 
100°,  or  in  the  dry  state  to  200°.  The  yellow  compound  dissolves 
abundantly  in  aqueous  potash,  forming  a  yellow  solution,  but 
without  giving  off  ammonia,  even  when  the  liquid  is  heated  to  the 
boiling-point ;  the  red  compound  behaves  in  a  similar  manner, 
but,  before  dissolving,  is  converted  into  the  yellow  modification. 
These  compounds  are  analogous  in  their  modes  of  formation, 
and  probably  therefore  in  constitution,  to  the  two  modifications  of 
the  platinum  compound,  NgHgPtClg  (pp.  555,  556)  ;  the  red  com- 
pound being  -palladiosemidiammonium  chloride,  CL  Pd.NH2(NH4)Cl, 
and  the  yellow  compound,  palladammonium  chloride,  Pd(NH3Cl)2. 
The  yellow  compound,  digested  with  water  and  silver  oxide,  yields 
palladammonium  oxide,  N2H6Pd(OH)2,  which  is  a  strongly  basic 
substance,  soluble  in  water,  having  an  alkaline  taste  and  reaction, 
and  absorbing  carbonic  acid  from  the  air.  Falladammoynum 
sulphite,  NjHgPdSOg,  is  formed  by  the  action  of  sulphurous  acid  on 
tlie  oxide  or  chloride  ;  it  crystallises  in  orange-yellow  octahedrons. 
The  sulphate,  chloride,  iodide,  aud  bromide  have  likewise  been  formed. 

The  compound  (NH3)4PdCl2,  or  Palladiodiammonium  chloride, 
Pd[NH2(NH.)Cl]2,  separates  from  an  ammoniacal  solution  of  pallad- 
ammonium chloride  in  oblique  rhombic  prisms. 

The  Oxide,  N.HjgPdO,  obtained  by  decomposing  the  solution  of 
this  chloride  with  silver  oxide,  also  yields  crystaUisable  salts. 


Palladious  salts  are  well  marked  by  the  pale  yellowish-M'hite  pre- 
cipitate of  palladious  cyanide,  PdCyo,  which  they  form  with  solution 
of  mercuric  cyanide. 

Hydriodic  acid  and  potassium  iodide  throw  down  a  black  precipitate 
of  palladium  iodide,  visible  even  to  the  500,OUOth  degree  of  dilution. 
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Symbol,  Eh.    Atomic  weight,  1027 


The  solution  from  which  platinum  and  palladium  have  been 
separated,  in  the  manner  already  described,  is  mixed  with  hydro- 
chloric acid,  and  evaporated  to  dryness.  The  residue  is  treated  with 
alcohol,  of  density  0'837,  which  dissolves  everything  except  the  double 
chloride  of  rliodium  and  sodium.  This  is  well  washed  with  spirit, 
dried,  heated  to  whiteness,  and  then  boiled  with  water,  whereby 
sodium  chloride  is  dissolved  out,  and  metallic  rhodium  remains. 
Thus  obtained,  rhodium  is  a  white,  coherent,  spongy  mass,  still  less 
fusible  and  less  capable  of  being  welded  than  platinum.  Its  density 
is  about  12-0. 

Ehodium  is  very  brittle  :  reduced  to  powder  and  heated  in  the  air, 
it  becomes  oxidised,  and  the  same  alteration  happens  to  a  greater 
extent  when  it  is  fused  with  nitrate  or  bisulphate  of  potassiimi. 
None  of  the  acids,  singly  or  conjoined,  dissolve  this  metal,  unless  it 
be  in  the  state  of  alloy,  as  with  platinum,  in  which  state  it  is  attacked 
by  nitro-muriatic  acid. 

Ehodium  forms  but  one  chloride,  containing  EhClj  or  EhgClg,  in 
which,  like  iron  in  ferric  chloride,  it  may  be  regarded  as  either  tri- 
or quadrivalent.  This  chloride  is  prepared  by  adding  silicofluoric 
acid  to  the  double  chloride  of  rhodium  and  potassium,  evaporating 
the  filtered  solution  to  dryness,  and  dissolving  the  residue  in  water. 
It  forms  a  brownish-red  deliquescent  mass,  soluble  in  water,  with  a 
fine  red  colour.  It  is  decomposed  by  heat  into  chlorine  and  metallic 
rhodium. 

Rhodium  and  Potassium  Clilorides. — The  salt,  K(.Eh2Cl>26H20, 
formed  by  mixing  a  solution  of  rhodic  oxide  in  hydrochloric  acid 
with  a  strong  solution  of  potassium  chloride,  crystallises  in  sparingly 
soluble  efflorescent  prisms.  Another  double  salt,  containing 
K4Eh2CljQ,2H20,  is  prepared  by  heating  in  a  stream  of  chlorine  a 
mixture  of  equal  parts  of  finely  powdered  metallic  rhodium  and 
potassium  chloride.  The  salt  has  a  fine  red  colour,  is  soluble  in 
water,  and  crystallises  in  four-sided  prisms.  BJiodium  and  sodium 
chloride,  NagEh2Clj2,24H20,  is  also  a  very  beautiful  red  salt,  prepared 
like  the  last.  The  ammonium  salt,  (NH4)QEh2Cli2)3H20,  obtained  by 
decomposing  the  sodium  salt  with  sal-ammoniac,  crystallises  in  fine 
rhombohedral  prisms. 

Rhodium  Oxides.  —  Ehodium  forms  four  oxides,  containing 
EhO,  Eh203,  EhOa,  and  EhOg. 

The  Monoxide,  EhO  or  Eh202,  is  formed  with  incandescence,  when 
the  hydrated  sesquioxide,  Eh203,3H20,  is  heated  in  a  platinum 
crucible.    It  is  a  dark-grey  siabstance,  perfectly  indifferent  to  acids. 

The  Hesrjnioxide,  or  Rhodic  Oxide  Eh203,  obtained  by  heating  the 
nitrate,  is  a  grey  porous  mass,  with  metallic  iridescence  ;  insoluble 
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The  Trihydroxide,  or  Ehodic  Hydroxide,  Eh2(OH)5,  is  formed  as  a 
black  gelatinous  precipitate  on  heating  a  solution  of  sodio-rhodic 
chloride  with  caustic  potash.  When  dry  it  forms  a  heavy  dark- 
brown  metallically  lustrous  mass  having  a  conchoidal  fracture.  It 
is  scarcely  attacked  by  acids.  A  solution  of  sodio-rhodic  chloride 
treated  with  potash  in  the  cold,  becomes  opaque,  and  after  some 
time  deposits  thin  lemon-yellow  crystals  of  the  hydrate  Eh2(OH)5, 
2H2O,  which  dissolves  readily  in  acids,  and  when  moist  in  caustic 
potash. 

The  Dioxide,  RhOg,  obtained  by  fusing  pulverised  rhodium  or 
the  sesquioxide  with  nitre  and  potash,  and  digesting  the  fused  mass 
with  nitric  acid,  to  dissolve  out  the  potash,  is  a  dark-bro^ra  substance 
insoluble  in  acids.  It  may  also  be  obtained  by  treating  the  trihydrate, 
RhgOjjSH^O,  with  chlorine.  This  compound  graduall}'  loses  its 
gelatinous  consistence,  becomes  lighter  in  colour,  and  is  finally  con- 
verted into  a  green  hydrate  of  the  dioxide,  Eh02,2H20.  The  alkaline 
solution  at  the  same  time  acquires  a  deep  violet-blue  colour. 

The  Tetrahydroxide,  Rh(OH)j,  separates  on  passing  chlorine  for 
a  long  time  into  an  alkaline  solution  of  the  trihydroxide,  with 
occasional  addition  of  potash,  in  the  form  of  a  blue  powder,  the 
liquid  at  the  same  time  assuming  a  blue  or  violet  tint.  The  blue 
powder  dissolves  in  hydrochloric  acid,  yielding  a  blue  solution 
gradually  changing  to  dark  red,  with  evolution  of  chlorine.  The 
violet-blue  solution  probably  contains  the  potassium  salt  of  a  rhodic 
acid,  which  latter  separates  after  some  time  as  a  blue  jjowder,  and 
is  converted  on  drying  into  the  tetrahydroxide. 

Ehodic  Suli^hate,  Rh2(S04)3l2H20,  formed  by  oxidising  the 
sulphide  with  nitric  acid,  is  a  yellowish-white  crj^stalline  mass. 
Potassio-rhodic  sulphate,  RhK3(S04)3,  is  a  reddish-yellow  crystalline 
powder,  formed  by  adding  sulphuric  acid  to  a  solution  of  rhodium 
and  potassium  chloride. 

Ammoniacal  Rhodium  Compoimds,  —  An  ammonio-chloride, 
(NH3)ioRh2Cle,  or  C1(NH3),— RCL— RCU— (NHj)^— CI,  is  obtained 
as  a  yellow  crystalline  powder  on  mixing  a  dilute  solution  of  rhodium 
and  ammonium  chloride  with  excess  of  ammonia,  and  leaving 
the  filtered  solution  to  evaporate.  The  corresponding  oxide, 
(NH3)iQRh203,  obtained  by  heating  the  chloride  with  silver  oxide,  is 
a  strongly  basic  substance,  from  which  the  sulphate  and  oxalate  may 
be  obtained  in  crystalline  form. 


Rhodic  salts  are,  for  the  most  part,  rose-coloured,  and  exhibit 
in  solution  the  tbllowing  reactions :  with  hydrogen  sulphide  and 
ammonium  sulphide,  a  brown  precipitate  of  rhodic  sulphide,  insoluble 
in  excess  of  ammonium  sulphide  :  with  soluble  sulphites,  a  pale- 
yellow  precipitate,  affording  a  characteristic  reaction  ;  with  potash,  a 
yellow  precipitate  of  rhodic  oxide,  soluble  in  excess  ;  with  ammotiia 
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and  with  alkaline  carbonates,  a  yellow  precipitate  after  a  while.  No 
precipitate  with  alkaline  chlorides  or  mercuric  cyanide.  Zinc  pre- 
cipitates metallic  rhodium  as  a  black  powder. 


RUTHENIUM. 

Symbol,  Ru.    Atomic  weight,  101'4. 

This  metal,  discovered  by  Glaus  in  1846,  occurs  in  platinum  ore, 
and  chiefly  in  osmiridium,  of  which  there  are  two  varieties — one 
scaly,  consisting  almost  wholly  of  osmium,  iridium,  and  ruthenium  ; 
while  the  other,  which  is  granular,  contains  but  mere  traces  of 
osmium  and  ruthenium,  but  is  very  rich  in  iridium  and  rhodium. 
To  obtain  ruthenium,  scaly  osmiridium  is  heated  to  bright  red- 
ness in  a  porcelain  tube,  through  which  a  current  of  air  is  drawn  by 
means  of  an  aspirator.  The  osmium  and  ruthenium  are  thereby 
oxidised,  the  former  being  carried  forward  as  tetroxide  and  con- 
densed in  caustic  potash  solution,  while  the  ruthenium  oxide  remains 
behind,  together  with  iridium  ;  and  by  fusing  this  residue  with 
potassium  hydroxide,  treating  the  mass  with  water,  and  leaving  the 
liquid  in  a  bottle  for  about  two  hours  to  clarify,  an  orange-coloured 
solution  of  potassium  rutheniate  is  obtained,  which,  when  neutralised 
with  nitric  acid,  deposits  velvet-black  ruthenium  sesquioxide,  and 
this,  when  washed,  dried,  and  ignited  in  hydrogen,  yields  the  metal. 

Ruthenium,  thus  prepared,  forms  porous  lumps  very  much  like 
iridium,  and  is  moderately  easy  to  pulverise.  It  is  the  most  refrac- 
tory of  all  metals  except  osmium,  but  it  may  be  melted  in  the  electric 
furnace.  After  fusion  its  density  is  12'06  ;  that  of  the  porous  metal 
is  much  less. 

Ruthenium  is  scarcely  attacked  by  nitro-muriatic  acid.  It  is, 
however,  more  easily  oxidised  than  platinum,  or  even  than  silver. 
When  pure  it  is  easily  oxidised  by  fusion  with  potassium  hydroxide, 
still  more  easily  on  addition  of  a  small  quantity  of  nitrate  or  chlorate, 
producing  potassium  rutheniate,  which  dissolves  in  water  with 
orange-yellow  colour. 

Chlorides. — Ruthenium  forms  two  chlorides,  RuClg  and  RUCI3. 

Ruthenious  chloride,  RuClg  or  RU2CI4,  is  produced,  together  with 
the  ruthenic  chloride,  by  igniting  pulverised  ruthenium  in  a  stream 
of  chlorine,  the  higher  chloride  then  volatilising,  while  the  lower 
chloride  remains  in  the  form  of  a  black  crystalline  powder,  insoluble 
in  water  and  in  all  acids,  even  nitro-muriatic  acid,  and  only  partially 
decomposed  by  alkalis. 

Buthcnic  Chloride,  RuClj  or  RugClg,  prepared  by  precipitating  a 
solution  of  potassic  rutlieuiate  with  an  acid,  dissolving  the  precipi- 
tated black  oxide  in  hydrochloric  acid,  and  evaporating,  is  a  yellow- 
brown,  crystalline,  very  deliquescent  niass. 
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The  concentrated  solution  of  ruthenic  chloride,  mixed  with  con- 
centrated solutions  of  the  chlorides  of  potassium  and  ammonium, 
yields  the  double  salts,  4KCl.Ru2Clg  and  4NH4Cl.Ru2C]fl,  in  the 
form  of  crystalline  precipitates,  with  violet  iridescence,  very  slightly 
soluble  in  water,  insoluble  in  alcohol. 

Oxides. — Ruthenium  forms  six  oxides,  viz.,  RuO,  RujOj,  RuOj, 
RuOj,  RugOj,  and  RuO^,  the  fourth  and  fifth,  however,  being  known 
only  in  combination. 

The  Monoxide,  RuO  or  RU2O2,  obtained  by  calcining  the  dichloride 
with  sodium  carbonate  in  a  current  of  carbon  dioxide,  and  wa-shing 
the  residue  with  water,  has  a  dark-grey  colour  and  metallic  lustre  ; 
is  not  acted  upon  by  acids  ;  but  is  reduced  by  hydrogen  at  ordinary 
temperatures. —  Ruthenic  Oxide,  RU2O3,  is  a  bluish-black  powder, 
formed  by  li  eating  the  metal  in  the  air.  The  corresponding 
hydroxide,  Ru(0H)3,  is  obtained  by  precipitating  ruthenious 
chloride  with  an  alkaline  carbonate,  as  a  blackish-broAvn  substance 
which  dissolves  with  yellow  colour  in  acids.  The  Dioxide,  or 
Ruthenic  Oxide,  RUO2,  is  a  blue-black  powder,  obtained  by  roast- 
ing the  disulphide.  Ruthenic  Hydroxide,  Ru(0H)4,  is  obtained  as  a 
gelatinous  precipitate  by  decomposing  potassium  chlororutheniate 
Avith  sodium  carbonate. — The  Trioxide,  RuOg,  commonly  called 
Ruthenic  Acid,  is  known  only  as  a  potassium  salt,  K2RUO4,  which  is 
obtained  by  igniting  ruthenium  with  caustic  potash  and  nitre  :  it 
forms  an  orange-yellow  solution.  —  The  Oxide,  RugO-,  called 
Ruthenium  Peroxide,  is  not  known  in  the  free  state,  neither  has  the 
corresponding  acid,  "  per-ruthenic  acid,"  been  obtained  ;  but  the 
potas-sium  salt  is  formed  by  the  action  of  chlorine  on  potassium 
ruthenate,  and  separates  from  the  resulting  dark-green  solution  in 
black  lustrous  rhombic  pj'ramids,  isomorphous  with  potassium  per- 
manganate. The  blackish-green  solution  soon  turns  yellow,  being 
resolved  into  potassium  ruthenate  and*  the  following  oxide. — The 
Tetroxide,  RUO4,  is  a  volatile  compound,  analogous  to  osmic  tetrox- 
ide,  obtained  by  heating  ruthenium  with  potash  and  nitre,  in  a 
silver  crucible,  dissolving  the  fused  mass  in  water,  and  passing 
chlorine  through  the  solution  in  a  tubulated  retort,  connected  by  a 
condensing  tube  with  a  receiver  containing  potash.  The  tetroxide 
then  passes  over  and  condenses  in  the  neck  of  the  retort  and  in  the 
tube,  as  a  golden-yellow  crystalline  crust,  which  melts  at  25-5°.  It 
is  heavier  than  oil  of  vitriol,  dissolves  slightly  in  water,  readily  in 
hydrochloric  acid,  forming  a  solution  easily  decomposed  by  alcohol, 
sulphurous  acid,  and  other  reducing  agents. 

Sulphides.— Hydrogen  sulphide,  passed  into  a  solution  of  either 
of  the  chlorides  of  ruthenium,  usually  forms  a  precipitate  consisting 
of  ruthenium  sulphide  and  oxysulphide  mixed  with  free  sulphur. 
The  blue  solution  of  the  dichloride  yields  a  dark-brown  sesquisul- 
jjhide,  RuaSj.  When  hydrogen  sulphide  is  passed  for  a  long  time 
into  a  solution  of  the  trichloride,  ruthenium  disulphide,  RuS^,  is 
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formed,  as  a  brown-yellow  precipitate,  becoming  dark-brown  by 
calcination. 

Ammoniacal  Ruthenium  Compounds. — Several  compounds 
have  been  obtained  corresponding  in  general  characters  with  the 
ammoniacal  compounds  of  rhodium,  but  they  require  further  investi- 
gation,'as  authorities  differ  concerning  their  composition. 


The  compounds  of  ruthenium  may  readily  be  distinguished  from 
those  of  the  other  platinum-metals,  by  fusing  a  few  milligrams  of 
the  substance  in  a  platinum  spoon,  with  a  large  excess  of  nitre, 
leaving  it  to  cool  when  it  ceases  to  froth,  and  dissolving  the  cooled 
mass  in  a  little  distilled  water.  An  orange-yellow  solution  of  potas- 
sium rutheniate  is  thus  formed,  which  on  addition  of  a  drop  or  two 
of  nitric  acid  yields  a  bulky,  black  precipitate  ;  and  on  adding 
hydrochloric  acid  to  the  liquid,  with  the  precipitate  still  in  it,  and 
heating  it  in  a  porcelain  crucible,  the  oxide  dissolves,  forming  a 
solution  which  has  a  fine  orange-yellow  colour  when  concentrated, 
and  when  treated  with  hydrogen  sulphide  till  it  becomes  nearly  black, 
yields  a  filtrate  of  a  splendid  sky-ljlue  colour.  Characteristic  reac- 
tions are  also  obtained  with  potassium  thiocycmcde,  which  colours  the 
li([uid  deep  red,  changing  to  violet  on  heating,  and  with  lead  acetate, 
which  forms  a  piirple-red  precipitate. 
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Table  I. 
ABSTRACT 


Of  Eegnault's  Table  of  the  Maximum  Texsion  of  Water- 
Vapour  AT  different  Temperatures,  expressed  in  Milli- 
meters OF  Mercury. 


Tempera  turc. 

Tension 
millimeters. 

iemperature. 

Tension 
millimeters. 

-  32'  C. 

0-320 

100°  c. 

760-000 

30 

0-386 

105 

906-410 

25 

0-605 

110 

1075-370 

20 

0-927 

115 

1269-410 

15 

1-400 

1-20 

1491-280 

10 

2-093 

125 

1743-880 

5 

3-113 

130 

2030-280 

0 

4-600 

135 

2353-730 

+  5 

6-534 

140 

2717-630 

10 

9-165 

145 

3125-55 

15 

12-699 

150 

3581-23 

20 

17*391 

155 

4088-56 

25 

23-550 

160 

4651-62 

30 

31-548 

165 

5274-54 

35 

41-827 

170 

5961-66 

40 

54-906 

175 

6717-43 

45 

71-391 

180 

7546-39 

50 

91-982 

185 

8453  "23 

55 

117-478 

190 

9442-70 

60 

148-791 

195 

10519-63 

65 

186-945 

•200 

11688-96 

70 

233-093 

205 

12955-66 

75 

'288-517 

210 

143-24-80 

80 

354-643 

215 

15801-33 

85 

433-041 

220 

17390-36 

90 

525-450 

225 

19097-04 

95 

633-778 

230 

20926-40 
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Table  II, 


Weight  of  one  Cubic  Centimeter  op  Atmospheric  Air,  in 
Grams,  at  different  Temperatures,  for  every  5  Degrees 
PROM  0°  to  300°  C.  AT  760  MM. 


Diflference. 

Difference. 

0° 

0  •001293 

23 
22 
22 

155° 

0-000824 

9 
9 
9 

5 

0'001270 

160 

0-000815 

10 

0'001248 

165 

0-000806 

15 

0'001226 

170 

0-000797 

9 

20 

0'001205 

21 
20 
20 
19 
18 
17 
17 
17 
17 
16 
15 
15 
14 
14 
14 
13 
13 
13 
12 
12 

175 

0-000788 

9 

25 

0-001185 

180 

0-000779 

9 
8 
8 
8 

30 

0'00n65 

185 

0-000770 

35 

0"001146 

190 

0-000762 

40 

0"001128 

195 

0-000754 

45 

0-001111 

200 

0-000746 

8 
8 

50 

0'001094 

205 

0-000738 

55 

0'001077 

210 

0-000730 

8 

60 

0'001060 

215 

0-000722 

7 

65 

0'001044 

220 

0-000715 

70 

0-001029 

225 

0-000708 

7 
7 

75 

0-001014 

230 

0-000701 

7 

80 

0-001000 

235 

0-000694 

7 

85 

0-000986 

240 

0-000687 

7 

90 

0-000972 

245 

0-000680 

6 
6 
6 

95 

0-000959 

250 

0-000674 

lUU 

U  UUU940 

0  (jOOddo 

105 

0-000933 

260 

0-000662 

110 

0-000921 

265 

0-000656 

6 
6 
6 

115 

0-000909 

270 

0-000650 

120 

0-000898 

11 
11 

275 

0-000644 

125 

0-000887 

280 

0-000638 

6 
6 
6 
5 

130 

0-000876 

11 
11 
11 
10 
10 

285 

0-000632 

135 

0-000865 

290 

0-000626 

140 

0-000854 

295 

0-0006-21 

145 

0-000844 

300 

0-000616 

5 

150 

0-000834 

The  column  of  Differences  is  intended  to  facilitate  the  calculation 
of  the  intermediate  values.  Thus  to  find  the  -weight  of  1  cub.  cent, 
of  air  for  52°,  \vc  must  deduct  from  the  weight  for  50°,  two-fifths  of 
the  difference  (17)  between  this  and  the  number  for  55  degrees  : 
thus — 

Weight  of  1  cub.  cent,  of  air  at  50°  =  0  001094 
Deduct  2  of  17       „  „  =  7 


Weight  of  1  cub.  cent,  of  air  at  55°  =  0'001087 
vol.  I.  2  0 


578 


APPEXDIX. 


Table  III. 


For  the  Calculation  op   .  (See 

l+0-00367(  ^ 


t 

t 

i 

t 

t 

1 

0-99634 

31 

0-89785 

61 

0-81708 

91 

0-74964 

121 

0-69249 

2 

0-99271 

32 

0-89490 

62 

0-81464 

92 

0-74758 

122 

0-69073 

3 

0-98911 

33 

0-89197 

63 

0-81221 

93 

0-74554 

123 

0-68899 

4 

0-98553 

34 

0-88906 

64 

0-80979 

94 

0-74351 

124 

0-68725 

5 

0-98198 

35 

0-88617 

65 

0-80740 

95 

0-74148 

125 

0-68552 

6 

0-97845 

36 

0-88330 

66 

0-80501 

96 

0-73947 

126 

0-68380 

7 

0-97495 

37 

0-88044 

67 

0-80264 

97 

0-73747 

127 

0-68209 

8 

0-97148 

38 

0-87761 

68 

0-80068 

98 

0-73548 

128 

0-68038 

9 

0-96803 

39 

0-87479 

69 

0-79794 

99 

0-73350 

129 

0-67S69 

10 

0-96460 

40 

0-87199 

70 

0-79561 

100 

0-73153 

130 

0-67700 

11 

0-96120 

41 

0-86921 

71 

0-79329 

101 

0-72957 

131 

0-67532 

12 

0-95782 

42 

0*86645 

72 

0-79099 

102 

0-72765 

132 

0-67365 

13 

0-95446 

43 

0-86370 

73 

0-78870 

103 

0-72568 

133 

0-67199 

14 

0-95113 

44 

0-86097 

74 

0-78642 

104 

0-72376 

134 

0-67034 

15 

0-94782 

45 

0-85826 

75 

0-78416 

105 

0-72184 

135 

0-66870 

16 

0-94454 

46 

0-85556 

76 

0-78191 

106 

0-71993 

136 

0-66706 

17 

0-94127 

47 

0-85289 

77 

0-77967 

107 

0-71803 

137 

0-66543 

18 

0-93803 

48 

0-85022 

78 

0-77745 

108 

0-71615 

138 

0-66380 

19 

0-93482 

49 

0-84758 

79 

0-77523 

109 

0-71427 

139 

0-66219 

20 

0-93162 

50 

0-84495 

80 

0-77304 

110 

0-71-240 

140 

0-66059 

21 

0-92844 

51 

0-84234 

81 

0-77085 

111 

0-71055 

j  141 

0-65899 

22 

0-92529 

52 

0-83974 

82 

0-76867 

112 

0-70870 

142 

0-65740 

23 

0-92216 

53 

0-83716 

83 

0-76651 

113 

0-70686 

143 

0-655S2 

24 

0-91905 

54 

0-83460 

84 

0-76436 

114 

0-70503 

144 

0-654-24 

25 

0-91596 

55 

0-83205 

85 

0-76222 

115 

0-70321 

145 

0-65268 

26 

0-91289 

56 

0-82952 

86 

0-76010 

116 

0-70140 

146 

0-65112 

27 

0-90984 

57 

0-82700 

87 

0-75798 

117 

0-69960 

147 

0-64957 

28 

0-90682 

58 

0-82450 

88 

0-75588 

118 

0-69781 

148 

0-64802 

29 

0-90381 

59 

0-82201 

89 

0-75379 

119 

0-69603 

149 

0-64648 

30 

0-90082 

60 

0-81954 

90 

0-75171 

120 

0-694-25 

150 

0-64495 
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Table  IV. 
WEIGHTS  AND  MEASURES. 


480    grains  Troy=l  oz.  Troy. 

437'5  „  =1  oz.  Avoirdupois. 
7000  „       =1  lb.  Avoirdupois. 

5760  „       =1  lb.  Troy. 


The  imperial  gallon  contains  of  water  at  62°  F.  (16|°  C.)  70,000  grains. 
The  pint  (|  of  gallon),   .....    8,750  „ 
Tlie  fluid  ounce      of  pint),     ....    437'5  „ 
The  pint  equals  34'56  cubic  inches. 


METRIC  SYSTEM. 


Names  of  units  : — 

Length,  ....  Meter  =39 '37  inches 
Volume,        ....    Litre  =  1"76  pint 

(or  1  cubic  decimeter). 
Weight,  " 

(Mass  of  1  cubic  centimeter  of  water  at  4°.) 

^Meaning  of  prefixes  to  names  of  units  : 
Myria, 


Grrani  =15*43  grains. 


KHo, 
Hecto, 
Deka, 
Deci, 
Centi, 
Milli, 


10,000 
1,000 
100 
10 


•1 

•01 


01-  -10 

or  ik 


■001  or  J  oV(T 


Example  : — 1  Kilogram  =  1000  grams. 


1  Decimeter  =j^'jy  of  a  meter. 


For  complete  comparison  of  English  and  Metric  Weights  and 
Measures,  see  tables  on  next  two  pages. 
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Table  VI. 

For  Converting  Degrees  op  the,  Centigrade  Thermometer 
INTO  Degrees  of  Fahrenheit's  Scale. 


Centigrade. 

Fahrenheit. 

Centigrade. 

Fahrenheit. 

Centigrade. 

FahrenhlJit. 

-90° 

-130° 

-60° 

-76° 

-30° 

-  22° 

85 

121 

55 

67 

25 

13 

80 

112 

50 

58 

20 

4 

75 

103 

45 

49 

15 

+  5 

70 

94 

40 

40 

10 

14 

65 

85 

35 

31 

5 

23 

0° 

+  32° 

+  100° 

+  212° 

+  200°. 

392° 

+  5 

41 

105 

221 

205 

401 

10 

50 

110 

230 

210 

410 

15 

59 

115 

239 

215 

419 

20 

68 

120 

248 

220 

428 

25 

77 

125 

257 

225 

437 

30 

86 

130 

266 

230 

446 

35 

95 

135 

275 

235 

455 

40 

104 

140 

284 

240 

464 

45 

113 

145 

293 

245 

473 

50 

122 

150 

302 

2£0 

482 

55 

131 

155 

311 

255 

491 

60 

140 

160 

320 

260 

500  . 

65 

149 

165 

329 

265 

509 

70 

T  cr  o 

15a 

1/0 

o  o  o 

338 

OTA 

2/  0 

75 

167 

175 

347 

275 

527 

80 

176 

180 

356 

280 

536 

85 

185 

185 

365 

285 

545 

90 

194 

190 

374 

290 

554 

95 

203 

195 

383 

295 

563 

5°  C.  =  9°  F. 
To  convert  C.  into  F.  temperatures, 

^i^  +  32  =  F. 


To  convert  F.  into  C, 

F.-32X  -  =C. 


INDEX 


A. 

PAGE 

Absolute  temperature,  29 
Absorption  of  gases,  .  82 
Absorption  spectra,  .  334 
Acetates,  .  .  .263 
of  cobalt,  .  .  489 
of  samarium,  .  .  4-52 
Acetic  acid,  .  .  263 
Acetylene,  .  .  194,  390 
Acid,  amic,  .  .  370 
ammonsulphonic,  .  167 
antimonic,  .  .  534 
arsenic,  .  .  .  187 
arsenious,  .  .  186 
boric,  .  .  .222 
bromic,  .  .  114,  270 
carbonic,  .  .  264 
chloric,  .  .  110,  112 
chlorochromic,  .  500 
chlorosulphonic,  .  139 
chlorous,  .  .  110,  112 
chromic,  .  .  .  498 
cobaltic,  .  .488 
diphosphoplatinic,  .  552 
disulphurlc,  127,  134,  135 
dithionic,  .  127,  137 
fluoborlc,  .  .  .222 
hydrazolc,  ,  .  153 
hydriodic,  .  105,  146 
hydrobromic,  .  .  102 
hydrochloric,  .  3,  5,  97 
hydrocyanic,  .  ,  212 
hydrofluoric,  .  .  108 
hydvofluosilific,  .  217 
hydrosulphuric,  .  122 
hydrosulphurous,  ■  136 
hypobromous,  .  114 
hypochlorous,  .  110,  111 
hyponitrous,  .  155,  162 
hypophosphoric,  177,  182 
hvpor>hn3phorous,  .  177 
h'yposulphuric,  127,  137 
livposulphurous,  127,  136 
iiidic,  .  .  IH,  270 
metaphosphoric,  181,  320 
metastannic,  .  518,  519 
molybdic,  .  .  503 
muriatic,  .  3,  6,  97 
riohlc,  .  .  .  540 
nitric,  .  .  165, 150 
nitrous,  .  155,  163,  166 
orthopliosphoric,  .  320 
orthosulphurlc,  .  411 
osmiamlc,      ,      .  565 


Acid —  PAGE 
osmic,  .  .  .  564 
osmious,  .  .  .  504 
pentathionic,  .  127,  138 
perchloric,  .  110, 113 
perchromic,  .  .  500 
periodic,  .  .  115,  270 
peiTnanganic,  1  .  470 
perosmic,  .  .  565 
persulphuric,  .  127, 140 
phosphomolybdic,  .  503 
phosphoplatinic,  .  552 
phosphoric,  .  177,  180 
phosphorous,  .  177,  179 
polythionic,  .  .  127 
pnissic,  .  .  .  212 
pyrophosphodiamic,  183 
pyi'ophosphoric,  .  181 
pyrophosphotiiamic,  183 
pyrosulphuric, 

127,  134,  135 
rhodic,  .  .  .570 
selenic,  .  .  .  143 
seleniosulphuric, 

127, 137,  143 
selenious,  .  .  143 
silicic,  .  .  .219 
silicodecitungstlc,  .  507 
silicofluoric,  .  .  217 
silico-oxalie,  .  .  216 
silicotungstic,  .  507 
stannic,  .  .  .  518 
sulphonic,  .  .  167 
sulphuric,  130,  127,  261, 
309,310,111 
sulphurous,  127,  128,  167 
tantalic,  .  .  .543 
telluric,  .  .  .146 
tellurous,  .  .  145 
tetrathlonic,  .  127,  138 
tliiocarbonic,  .  .  210 
thioselcnic,  .  .  137 
thiosulphuric, .  127,  136 
titanic,  .  .  .  513 
tribasic  phosphoric,  320 
trithionic,  '.  127,138 
tungstic,  .  .  .  500 
tungstoslUcic,  .  .  607 
salts,       .       .    317,  318 

Acids,  basicity  of,  .  816 
bibaslc,  .  .  316,  319 
characteristics  of ,  .  4 
heat  of  neutralisation 

of,  by  soda,  .      .  290 
monobasic,     .    316, 319 


Acids—  PACK 
neutraUsaflon  of,    .  314 
quadribasic,    .     316,  319 
strong  and  weak,  defi- 
nitions of,    .      .  294 
tribasic,  .      .    316, 319 
Acidulous  oxides,      .  314 
Aqueous  vapour  in  air,  40 
Aflinity,  chemical,  282-290 
After-damp,       .      .  205 
Agate,       .      .  .218 
Air,  analysis  of,        .  40 
liquefaction  of,       .  67 
weight  of  one  cubic 
centimeter   of,  at 
different  temper- 
atures, .      .      .  577 
Albite,       .      .  .460 
Alchemists,        .       .  2 
Alchemy,    ...  1 
Alizarin,     .       .       .  135 
Alkali  manufacture,  362, 388 
-metals,  .     305, 336-372 
AUcalis,  characteristics 

of,       .      .      .  5,  7 
Alkaline,    .      .  .147 
air,  .      .      .  .146 
earth-metals,  305,  379-394 
earth-metals,testsfor,  394 
AUotropy,  .       .  .279 
Allotropic  silver,       .  440 
Alloys,       .      .  .304 
of  aluminium,        .  453 
of  antimony,   .      .  531 
of  copper, 

431,  40C,  454,  516 
of  gold,  .  .  .  547 
of  iridium,  .  .  560 
of  iron,  .  .  .466 
of  lead,  .  417,  516,  531 
of  manganese,  .  466 
of  mercury,  .  .  406 
of  nickel,  .  .  631 
of  silver,  .  .  406,  531 
of  steel  and  tungsten,  505 
of  tin, 

516,  406,  417,  431,  531 
of  zinc,    .       .       .  431 
Alums,  457,  458, 403,466,328 
Alumlnates,       .       .  450 
Aluminium  group, 

306,  453-464 
Aluminium,    453,  237,  247, 
262,  268,  801 
alloys,     .       .       .  453 
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Aluminium —  PAGE 

Ammonium —  page 

FAOE 

bvonze,  , 

454 

sulphamate,  . 

129 

Argentum.  See  Silver. 

chloride,  . 

454 

sulphate, 

374 

Argon,       .      .  228 
Arragonite, 

,40 

distribution  of. 

16 

sulpiiides, 

376 

387 

fluoride,  . 

455 

uranate. 

610 

Arsenates,   .    185,  187, 

267 

hydrates , 

455 

Amorphous  carbon,  . 

193 

of  potassium,  . 

346 

oxide, 

455 

phosphorus,  . 

171 

of  sodium. 

358 

phosphates,  . 

459 

silica, 

218 

Arsenetted  hydrogen, 

185 

silicates,  . 

459 

sulphur,  . 

121 

Arsenic,  184,  109,  243,  247, 

and  sodium  fluoride. 

455 

Amphid  salts. 

316 

252, 

268 

sulphate, . 

457 

Analysis  of  air,  .  ■ 

40 

acid, 

187 

sulphide,  .      .  • 

457 

spectral,  .       .  330-335 

bromide,  . 

185 

tests  for,  . 

460 

Analytical  research,  de- 

chloride, . 

185 

Amalgamation  of  silver 

finition  of,   .  . 

69 

distribution  of. 

16 

ores, 

436 

Anatase, 

512 

fluoride,  . 

186 

Amalgams,  .    40G,  372, 

516 

Andrews  and  liquefac- 

hydrides. 

185 

definition  of,  . 

304 

tion  of  gases. 

62 

iodides,    .     185, 186, 

327 

Amic  acids, 

376 

Andrews  and  Tait, 

224 

oxide,      .       .  185, 

J  87 

Amides, 

377 

Anglesite,  " . 

420 

poisoning, 

188 

Ammonia, 

Anhydrous,  definition 

sulphides,       .  184, 

186 

146,  51,  82,  260, 

372 

of,       .      .  . 

78 

Arsenious  acid,  . 

186 

in  air. 

40 

bisulphate  of  potash, 

343 

salts,      .     185,  186, 

188 

amidogen,  iniidogen, 

carbonate  of  ammonia 

377 

Arsenites,  . 

1S6 

and  nitrogen, 

260 

potash,  . 

340 

of  copper, 

434 

salts,       .     149,  372 

-378 

soda. 

353 

of  potassium,  . 

346 

-soda  process,  . 

366 

Anhydrovanadates,  . 

528 

Arsine, 

185 

tests  for,  . 

376 

Anions,  definition  of  . 

292 

Artiads, 

254 

Amraoniacal  com- 

Annealing, 

300 

Assay  of  silver,  . 

440 

pounds, 

376 

Anode,  definition  of,  . 

292 

Atacamite; . 

433 

chromium  compound. 

Anorthic  system, 

277 

Atmolysis,' .     * .  . 
Atmospheric  air. 

31 

458,  498 

Antichlore, 

137 

40 

cobalt  compounds,  . 

489 

Antiraonettedhydrogen, 

531 

Atom,  definition  of,  . 

238 

copper  compounds,  . 

435 

Antimonic  acid,  . 

534 

Atomic  combination,  . 

259 

iridium  compounds, 

562 

salts,      5n,  532,  533,  535 

heat. 

248 

mercuiy  compounds, 

4i2 

Antimonious  salts. 

theory,    ,      .  6 

238 

osmium  compound:*. 

665 

531,  632,  533 

534 

value,    • . 

253 

palladium  compounds,  568 

Antlmonites, 

533 

volume,  . 

251 

-  platinum  compounds. 

653 

Antimonium  sulpliur- 

weights  (table). 

13 

rhodium  compounds, 

570 

atum,  ■  . 

535 

weights,  detennina- 

ruthenium  compounds, 

Antimony  group. 

tion  of,         245,  i 

),  14 

573 

306,  524-544 

Atomicity,-  . 

254 

'  silver  compounds,  . 

444 

Antimony,      530,  247,  252, 

Auer,  .     ■  . 

452 

turpethum , 

414 

263,  301,  320,  524 

Augite, 

399 

Ammonio-cobaltic  salts,  490 

and    alcohol  com- 

Aurates, 

649 

-cobaltous  salts. 

489 

pounds. 

532 

Aurate  of  potassium,  . 

549 

Ammon-sulphonates,  . 

167 

alloys. 

631 

Auric  compounds. 

54S 

-sulphonic  acids. 

167 

bromide,  . 

532 

Auroso-auric  chloride. 

548 

Ammonium, 

clilorides, 

632 

Aurous  compounds,  . 

548 

372-378,  149, 

336 

fluorides, 

632 

Avogadro,  . 

9 

-alum, 

458 

hydride,  . 

531 

law- of,     .       .       240,  9 

amalgam. 

372 

iodide,    .  . 

532 

Azoimidc,  . 

153 

bromide, 

174 

ochre. 

533 

Azurite, 

434 

carbonates. 

374 

oxides, 

532 

chloride,         .    174,  373 

sulphides, 

534 

chloriridate,  . 

661 

testa  for,  . 

536 

B. 

chloro-anrate,  . 

648 

Antiphlogistic  thei  ry, 

4 

clilorosmates. 

664 

Antozone,  . 

224 

Balance,  description  of. 

10 

hydrosulphide. 

376 

Apatite, 

385 

Balard, 

102 

hydroxide. 

149 

Aqua  regia. 

161 

Halilwin's  phosphonis. 

385 

iodide, 

174 

Anigo  and  Dulong, 

27 

Hall-soda,  . 

364 

and  magnesium  phos- 

Aichimedes, theorem 

Barilla,  . 

3C2 

phate,  . 

399 

of. 

90 

Barlo-aurous  thiosul- 

nitrate,  . 

374 

Argciitamnionium  sul- 

phatc, .     •  . 

549 

osmiochloride, 

664 

phate,  . 

442 

Ririum,     391,  237,  268,  37!) 

jihosphates, 

374 

Argentic  chloride, 

440 

carbonate. 

393 

and  rhodium  chloride, 

569 

oxi  le, 

441 

chloride,  . 

392 

sodium,  and  hydro- 

Argenlous chloride,  . 

441 

chromatc. 

499 

gen  phosphate, 

374 

oxide, 

442 

manganate, 

470 
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Barium  — 

nitrate,  . 

oxides,  . 

sulphamate, 

sulpliate, . 

sulphides, 

test  for,  . 
Bai-yta, 
Bai-ytes, 

Base,  definition  of, 
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393,  328 
392,  261 
.  377 
.  393 
.  394 
.  394 
392,  35 
.  393 
.  293 


Basic  Bessemex' process,  485 
Basicity  of  acids,       .  316 
Basylous  oxides,       .  314 
Batteries,  secondary,  .  298 
single  fluid,    .     295,  297 
Battery,  Cniickshanks',  296 
Darnell's,       .       .  296 
dichromate,    .      .  297 
Grove's,  .      .  .297 
LecIancWs,    .      .  297 
silver  chloride,       .  298 
voltaic,    .       .  .295 
Volta's,   .       .  .296 
WoUaston's,    .      .  29fi 
Bauxite,     .      .      .  456 
Bay-salt,    .      .  .353 
Belgian  zinc  furnace, .  401 
Bell  metal,  .      .    431,  516 
Berthollet,  ...  7 
Berthollet's  fulminat>- 

ing  sUver,    .      .  443 
Berylla,      .      .  .395 
BerylUum,  395-396,  252,  268 
chloiide,  .      .      .  395 
oxide,      .       ,       .  395 
Berzellus, 

9,  11,  294,  316,  449,  622 
Bessemer  process,      .  485 
steel,      .      .  .485 
Bibasic  acid,  definition 

of,       .      .      .  261 
acids,      .      .    319,  316 
Bicarbonate   of  am- 
monia, .      .      .  375 
of  potash,       .       .  849 
of  soda,   .      .  .368 
Binary  theory  of  salts,  316 
Biscuit  porcelain,       .  461 
Bismuth,  536,  247,  252,  268, 
301,  302,  524 
.  637 
.  638 
.  636 
.  538 
.  639 
.  636 
343 
355 
.  353 
.  364 
848,  362 
4 

.  474 
401,  403 
.  432 
410 
478 
382 


chlorides, 

nitrate,  . 

ochre, 

oxides, 

tests  for,  . 
Bismuthlte, 
Bisulphate  of  potash, 

of  soda,  . 
Bittern, 
Black  ash,  . 

ash  process,  . 
Black,  Dr,  . 

iron  oxide, 

jack, 

oxide  of  copper, 
oxltlc  of  mercury, 
Blast  f  lUTiace, 
Bleaching  powder, 
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Blende,  .  .401,  403 
Blistered  steel,  .  .  484 
Blowpipe,    .      .      .  361 

tests.   See  Tests. 
Blue  billy,  .      .  .430 
sympathetic  ink,    .  487 
vitriol,    .      .  .434 
Boiling  points  of  gases,  58 
Boisbaudran,    333,  452,  462 
Boracicacid,      .     222,  16 
Borates,      .       .  .322 
of  potassium,  .      .  347 
of  sodium,      .      .  358 
Borax,        .     358,  223,  337 
Boric  acid,  .      222,  16,  327 
Borofluorides,     .       .  222 
Boron,  220-224,  10,  214,  268 
bromide, .       .  .221 
chloride,  .      .       .  221 
distribution  of,       .  16 
fluoride,  .      .  .221 
hydride,  .      .  .220 
niti-ide,    .       .  .223 
oxide,     .      .  .222 
trisulphide,     .       .  223 
Boyle, .      .      .      .  1,  2 
Boyle's  law,       .       27,  53 
Brandt,      .      .  .170 
Brass,  .      .      .  .431 
Braunite,    ,       .       .  467 
Brimstone,  .      .      .  121 
Brin's  process  for  ob- 
taining oxygen,  .  35 
Britannia  metal,        .  531 
Brodie,       .   note,  192,  224 
Bromargyrite,    .       .  441 
Bromate  of  potassium,  343 
Bromic  acid,      .    114,  270 
Bromides,  .      .  .309 
of  antimony,   .       .  532 
of  arsenic,      .      .  185 
of  boron,  .      .  .221 
of  calciimi,     .      ,  380 
of  cobalt,        .       .  487 
of  iodine,        .      .  107 
of  molybdenum,     ,  602 
of  nitrogen,    .      .  155 
of  phosphoiTis,       .  176 
of  platinum,    .      .  562 
of  potassium,  .      .  340 
of  selenion,     ,  .142 
of  silicon,        .       .  216 
of  silver,  .      .      .  441 
of  sodium,       ,       .  353 
of  sulphur,      .      .  126 
of  tellurium,    .      .  144 
of  thallium,     .       .  425 
of  uranium,     .       .  609 
of  vanadium,  .      .  630 
Bromine,  102,  94,  237,  243, 
247,  252,  268,  309 
chloride,  .      .      .  103 
distribution  of,      .  16 
Bronze,      .    610,  431,  516 
Brooklte,     .       .       .  512 
Brown  lead  oxide,      .  419 
Brunncr     .      .      .  351 
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Bunsen,      .      82,  370,  391 
Bmisen  and  Ivirchhoff ; 
spectral  analysis, 

332-334 

Bunsen  burner,  .      .  61 
Burners,  Bunsen,  Smi- 
thell's,  incandes- 
cent gas,     .  61,  62,  64 
Butter  of  antimony,    .  532 
of  tin,     .      .  .517 
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Cadmium,  404-405,  247,  252, 
268,  301,  302,  395 
chloi-ide,   .       .  404,327 
oxide,       .       .       .  404 
sulphate,  .      .      .  404 
sulphide, .       .       .  404 
tests  for,  .      .      .  405 
Ctelestin,    .      .    390,  391 
Cassium, 

370,  252,  268,  333,  336 
-alum,     .      .      .  468 
Cailletet  and  liquefac- 
tion of  gases,       53,  54 
Calamine,   .      .      .  401 
Calcium,  379-390,  237,  252, 
268,  301,  311 
bromide,  .      .    3S0,  328 
carbide,  .      .      .  389 
carhonate,      .      .  386 
chloride,  .       .    379,  328 
distribution  of,       .  16 
fluoride,  .      .    3S0,  328 
nitrate,    .       .    385,  327 
oxides,    .      .  .380 
phosphates,     ,      ,  385 
phosphide,      .      .  389 
sulphates,       .       .  384 
sulphides,       .      .  388 
tests  for, .      .      .  394 
Calc-spar,  .      .      .  387 
Caliche,     .       .  .104 
Calomel,     .       .      .  407 
Calotype  process,      .  445 
Calx  and  plilogiston,  .  3 
Candle  flame,  structure 

of,  .  .  .  60 
Carbamic  acid,  .  377,  264 
Carhamide,  .  377,  264 
Carbides,  .  .  .326 
Carbide  of  calcium,  389,  326 
Carbon,     191,  15,  252,  260. 

268,  283,  314 
chlorides,  .  ,  202 
dioxide,  .  .  .204 
dioxide  absorbed  by 

water,  ...  82 
diiixidc,  llfiuefttctlon 

of,  .  .  61,205 
dioxide,  proportion  in 

air,  ...  40 
distribution  of,  .  15 
and  flame,  .  .  62 
and  hydrogen,  194-202 
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Cni'bon—  rAr.E 
monnxide,       .    203,  283 
and  nitrogen,  .  211 
and  oxygen,    .  203-209 
and  sulpluir,    .  209-211 
valency  of,      .      .  258 
Carbonates,       .      .  20G 
iif  ammonium,       .  374 
of  barium,      .  .393 
of  calcium,     .      .  386 
of  cobalt,        .       .  489 
of  copper,       .       .  434 
of  lead,    .      .  .421 
of  lithium,      .       .  370 
of  magnesium,       .  400 
of  manganese,        .  469 
of  nickel,        .      .  493 
of  silver,        .       ,  443 
of  potassium,  .      .  347 
of  sodium,       .  362-369 
of  thallium,    .      .  427 
of  zinc,  . .      .      .  403 
Carbonic  acid,    .      .  264 
acid  gas.     See  Car- 
bon dioxide, 
anhydride,    .  204,  40,  82 
oxide,      .       .  .203 
oxide,  physical  char- 
acters of,     .      .  58 
Carbonyl  chloride,  208,  204 
of  nickel,        .      .  492 
sulphide,        .       .  211 
Carnelly,     ...  .326 
Carre's  freezing  appa- 
ratus, .      .      .  150 
Case-hardening,        .  484 
Cast  iron,   .       .     479,  302 
iron  and  steel,  .      .  485 
and  wroughtiron,  480,  483 
Castner,     .      .  .352 
Catalytic  actions,      .  236 
Cathode,  definition  of,  292 
Caustic  potash,   .    340,  394 
soda,       .       .       .  353 
Cavendish,  .       .    3,  8,  229 
Cavendish's  eudiometer,  70 
Cell,    electric.  See 
Bjittei-y. 
electrolytic,    .      .  100 
Cement,      .      .       .  381 
Cementation,     .      .  483 
Centigi'ade  degrees  con- 
verted into  Fahren- 
heit,    .       .  .582 
Ceric  salts,  .      .      .  451 
Cerium,  449-451,268,302, 
447,  512 

fluorides,        .      .  451 
oxides,    .      .       .  451 
and  potassium  sul- 
phate, .      .      .  4.^1 
sulphates,       .       .  451 
Cerous  salts,      .    450,  451 
Cerusite,    .      ,  .421 
Ccrvantite,  .       .      .  533 
Chalcedony,       .      .  218 
Chalk,        .       .  .386 
Chalybite,  .      .  .476 
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292 
19 
237 
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Chance's  process  for 
obtaining  sulphur, 

118,  389 
Charcoal.  See  Carbon. 
Chemical  action,  con- 
ditions for,  .       .  232 
afflnitv,   .       .     232,  282 
attraction,      .    232,  282 
change,  conditions 
affecting  rate  and 
products  of,  .      .  233 
classification,  264-271,305 
combination,  char- 
acteristics of, 
combination,  laws 
of,       .      .  . 
decomposition,  con- 
ditions governing 
amount  of,  . 
equations, 
equivalents, 
nomenclature  and 

notation,      .  16-20 
relations  of  metals,  304 
relations  of  water,  77-85 
Chemistry,  definition 

of,  ...  1 
of  metals,  .  .  300 
organic,  definition 
of,  .  .  .  261 
Chili  saltpetre,  .  .  356 
Chlorates  of  potassium,  342 
of  sodium,  .  .  354 
Chloric  acid,  .  .  112 
Chlorides,  .  .  .307 
of  aluminium,  .  454 
of  ammonium,  ,  373 
of  antimony,  .  .  532 
of  arsenic,  .  .  185 
of  barium,  .  .  392 
of  berylhum,  .  .  395 
of  bismuth,  .  .  537 
of  boron, .  .  ,221 
of  bromine,  .  .  103 
of  cadmium,  .  .  404 
of  calcium,  .  .  379 
of  carbon,  .  .  202 
of  chromium,  .  .  496 
of  cobalt,  .  .  4S7 
of  copper,  .  .  433 
of  gallium,  .  .  463 
of  germajiium,  .  514 
of  gold,  ,.  .  .548 
of  iodine.,  .  .  106 
of  iridium,  .  .  560 
of  iron,  .  .  .  472 
of  lead,  .  .  .418 
of  lime,  .  .  .382 
of  lithium,  .  .  370 
of  magnesium,  .  397 
of  manganese,  .  466 
of  mercury,  .  .  407 
of  mctallnnimi)nlums,  378 
of  molybdenum,  .  501 
of  njckd,  .  .  493 
of  niobium,  .  .  540 
of  nitrogen,    .  .151 


Chlorides —  pace 
of  osmium,  ..  .  56.3 
of  palladium,  .  .  567 
of  phosphorus,  174, 176 
of  platinum,  .  .  551 
of  potassium,  .  .  338 
of  rhodium,  ..  .  669 
of  ruthenium,  .  571 
of  samarium,  .  ,  452 
of  selenion,  .  .  142 
of  silicon,  .  .  215 
of  silver,  .  .  440 
of  sodium,  .  .  352 
of  strontium,  .  .  390 
of  sulphur,  .  .  125 
of  tantalum,  .  .  542 
of  tellurium,  .  .  144 
of  thallium,  .  .  424 
of  thorium,  .  .  622 
of  tin,  .  .  .516 
of  titanium,  .  .  512 
of  uranium,  .  .  508 
of  vanadium,  .  .  528 
of  zinc,    .       .       .  402 

Chlorine,  94,  51,  82,  237, 
243,  252,  268,  307,  309. 

310,  314 

discovery  of ,  .  .  3,  5 
distribution  of,  15,  16 
oxides,  .  .  .  110 
Chlortridiates,  .  .  561 
Chloi-uidites,  .  .  561 
Chloritcs,  .  .  .112 
Chloro-aurates, ..  .  548 
Chlorochromic  acid,  .  500 
Chloroform,  .  .  195 
Chloromethanes,  .  195 
Chloroplatinates,  .  552 
Chloroplatinites,  .  552 
Chlorosmatcs,  .  .  564 
Chlorostannatcs,  .  517 
Chlorostannties, .  .  517 
Chlorosulphide  of  lead,  422 
Chlorosulphonic  acid,  139 
Chlorous  acid,  .  .  112 
Chromates  of  metals, 

498,  499 

Chrome-altmi,  .  .  500 
-iron  ore, .  .  .  499 
-yellow,  .       .  .499 

Chromic  acid,  .  .  498 
salts,  .  .  49G,  497,  498 
salts,  tests  for,       .  600 

Chromium  group, 

305,  49.7-511 

Chromium,  495, 252, 268, 302 
chlorides,  .  .  496 
chromate,  .  .  498 
dioxvdichloridc,  .  500 
fluoride,  .  .  .497 
oxides,  .  .  .  497 
tests  for,  .      .  .500 

Cliromous  s-ilts,  .  496,  497 
salts,  tests  for,       .  501 

Chromyl  dichlorido,  .  500 
fluoride,  .      .      .  49* 

Chrysolite,  .      .  .399 

Cinnabar,    .      .   405, 413 
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Classification,  cliemicnl, 

264-271,305 
Clans,  .  .  .571 
Clay  Ironstone,  .  .  477 
Cleavage  of  crystals, 

273,  277 

Cleveland  furnace,     .  478 
Clowes'  safety  lamp,  .  GG 
Coal  gas,    .      .      .  198 
Cobalt,    4SG,  247,  252,  268, 
270,  301,  302,  365 
acetate,    .      .  .489 
and  amnionium  com- 
pounds,      .      .  489 
bromides,       .      ,  487 
carbonate,      .      .  489 
chlorides,        .       .  487 
-glance,   .      .      .  487 
iodides,    .       .       .  487 
oxides,    .       .    487,  489 
sulphate,        .       .  488 
tests  for,        .      .  490 
ultramarine,    .      .  488 
-yellow,   .       .  .489 
Cobaltic  acid,     .       .  488 
salts,        .    487,  488,  489 
silts,  tests  for, .    490,  489 
Cobaltoso-cobaltic  ox- 
ide,     .      .  .488 
Cobaltou.s  sails,  487, 488,  489 
salts,  tests  for,     490,  488 
Coefficients  of  absoi-p- 

tion  of  gases,      .  82 
of  expansion  of  gases  j 
forrc,     .      .  28 
Coke,  .       .       .  .193 
Cold-short,  definition  of,  477 
Collection  of  gases,    .  24 
Colloids,     ...  .85 
Colour  of  metals,       .  SOO 
Combination,  atomic,  2-39 
chemical,  laws  of,  232-238 
molecular,      .      .  259 
Combining  weights,    13,  14 
weights,  determina- 
tion of,        .  245,  9,  14 
Combustion,       .  58-68 
heat  of,   .       .  .283 
slow,      ...  67 
theories  of,     .       .  2-4 
Common  acid,    .      .  180 
salt,        .       .       .  3,-,2 
Composition  of  air,    .  40 
of  water,         .  69-77 
Compound  elements,  .  264 
radicles,    .       .   259,  213 
Compounds,  isomor- 

phous,  .      .      .  249 
of  metals  with  non- 
metals,        .  305-32G 
specific  volumes  of,  253 
Condensers,       .       .  199 
Conductivity  of  metals, 

303,  2G4 
Constitutional  foiTnula;, 

256,  261 

Converter  .      .      .  485 
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Copper  group,  305,  4'.'8-44G 
Copper,    428,  237,  247,  252, 
2fiS,  2S-\  301,  302 
alloys,   431,  40G,  454,  516 
and  ammonium  com- 
pounds,      .      .  435 
chlorides,       .      .  433 
extraction,     .      .  429 
-glance,   .      .      .  435 
hydride,  .      .      .  431 
oxides,    .      .      .  432 
oxysalts,        .      .  434 
propcrlies  of,  .       .  431 
pyrites,    .       .    428,  435 
sulphides,       .       .  435 
tests  for,        .      .  43G 
Copperas,    .      .      .  475 
Corrections  for  temper- 
ature and  pressure 
in  gases,      .      .  29 
Corrosive  sublimate,  .  407 
Corondum,        .      .  455 
Courtois,     .       .  .103 
Coveliife,    .      .      .  435 
Critical  point  of  liquids,  53 
pressure  of  gases,    63,  58 
temperature  of  gases, 

53,  58 

Croolces,     .       .     383,  423 
and  Reynolds"  dia- 
gram, .       .     271,  272 
Crown  glass,      .    3G0,  3G1 
Crucibles,   .       .  .462 
Cruickslianks'  battery,  29fi 
Crystals  combining,   .  278 
conduction  of  heat 

by,       .       .  .279 
optical  properties 

of,       ...  278 
primary  and  si.'cond- 
ai-y  forms,   .       .  277 
Crystalline  form,       .  273 
Crystallisation,  .  273-279 
water  of,  .       .      .  78 
Crystallographic  sys- 
tems,   .       .       .  274 
Crystalloids,      .      .  85 

Cube  274 

Cubic  nitre,       .      .  S56 
system,    .      .      .  274 
Cupramm(/niinns,      .  378 
Cupric  arscnile,  .       .  4-34 
carbonates,     .       .  434 
chloride,  .    433,  434,  327 
nitrate,   .      .      .  484 
oxide,      .       .  .432 
salts,       .       .    428, 4!il 
sulphate,  .      .       .  434 
sulpiiidc,  .      .      .  435 
Cuprodiammonlums,  .  435 
Cuprous  chloride, 

433,  434,  327 
hydride,  .  .  .  431 
oxide,  .  .  4.32,  283 
salts,  .    428,  431 

sulphide,  .  .  .435 
Current  strength  and 


chemical 
position. 

Cyanides,  . 
double,  . 

Cyanite, 

Cyanogen,  . 
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dccom- 

.  292 
211,  3H 
.  312 
.  459 
213,  51 


Daguerreotj'pe,  .      .  44G 
Dalton,       .       .      G,  8,  9 
atomic  tlieory  of,  238,  G,  9 
and  Henry,  law  of,  .  83 
Daniell's  battery,      .  296 
Davy  and  binary  theory 
of  salts,       .      .  316 
elements  discovered 
by,    5,  7,  336,  351,  379, 
390, 391 

and  electrolysis,  .  294 
and    luminosity  of 

flame,   .       .       62,  63 
and  photography,    .  444 
Davy's  safety  lamp,   65,  GG 
Declienite,  .       .       .  528 
Decipium,  .      .      .  447 
Decomposition,  chemi- 
cal, conditions 
governing  amount 
of,       .      .      .  292 
chemical  definition 
of,       ...  233 
Definite  proportions, 

law  of,  .       .    5,  7,  23G 
Deliquescence,    .     79,  368 
Denitrating  column,  .  133 
Densities     of  gases, 
determining,       .  45 
I'elative,  of  vapours 

and  gases,     .      .  64 
of    vapours,  deter- 
mining, .       .    46, 578 
Density  of  liquids  and 

solids,  .  87-92 

of  metals,       .       .  300 
relative  molecular,  243 
Dephlogisticated  air,   3,  34 
muriatic  acid,  .      .   3,  5 
Descloizite,       .      .  .523 
Detection  of  arsenic  in 

poisoning,    .       .  ISS 
Devillc,      .       .     160,  453 
and  Dcbray,  550,  560,  563 
and  Troost,     .       33, 47 
Dewar  and  liquefaction 

of  gases,  .  .  55 
Diads,  .  .  268,  206 
Diagram  showing  peri- 
odic system,  .  272 
Dialysis,  .  .  .86 
Dlamidogen,  .  151 

Diamond,  .  .  .191 
Diasporc,  .  .  .  455 
Diatomic  elements,  .  243 
Diazoimldc,  .  .  1.53 
Dichromate  battery,  .  297 
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Dldymium, 

447,  449,  451,  524 
Diffusion  of  gases,     .  30 
liquid,     ...  85 
Diliyilrotetrasodic  cav- 

Ijonate,  .  .  309 
Dimorcurammonium 

salts,  .  .  413,  414 
Dimei'cuiosammonium 
chloride,  .  .  414 
nitrate,  .  .  .  414 
Dimetaphosplmtes,  .  321 
Dimeti-ic  system,  .  275 
Pimorphous  substances,  274 
Dinilrososulphonates,  16G 
Dipliosphoplatinic  acid,  552 
Diplatinammonium 

compounds,  .  554,  658 
Diplatlnodiammonium 

compounds,  .  554,  559 
Diplatinotetradi- 

ammonium  com- 
pounds,      .    554,  559 
Diplatosodiammonium 

compounds,  .  554,  558 
Disilicates,  .  .  .323 
Disinfecting  solutions,  382 
Disodic  carbonate,  3G2-3G8 
Dissociation,  definition 

of,  .  .  .  233 
Distribution    of  chief 

elements,  .  .  15 
Dlsulphuric  acid, 

127,  134,  135 
Dithionic  acid,    .    127,  137 
Dobereiner,       .       30,  67 
Double  cyanides,       .  312 
decomposition,       .  234 
salts,       .       .       .  317 
Doubly  oblique  octa- 
hedron,      .      .  277 
oblique  prism,        .  277 
oblique  prismatic 
system,       .      .  277 
Drinking  waters,  com- 
positions of, .      .  75 
Ductility,    .      .  .301 
Dulong  and  Petit,  law 

of,       .      .      .  249 
Dumas'     ractliod  of 
determining  vapour 
density,       .      .  4G 
and  composition  of 

water,  ...  70 
and  Boussingault,  .  41 
Duncan  and  Newlands' 

process,  .  .  458 
Dysprosium,     .      .  13 


E. 

Earth-metals,  rare,  447-452 
EHrthenware,  .  .  4G1 
Eau  do  Labnrraquo,  .  354 
Efllorcsccnce,  .  79,  3G8 
ElTusion  of  gases,      .     33  J 


PAGE 

Ekabor,  .  .  .448 
Kkaluminium,  .  .  271 
Ekasilicon,  .  .  .  515 
Ekeberg,  .  .  .  542 
Elasticity,  pressure,  and 

volume  of  gases,  .  27 
Electric      cell.  See 
Battery, 
conduclivity  of 

metals,        .    303,  264 
energy,  storage  of,  .  298 
resistance  of  metals,  303 
Electrolytic  cell,        .  100 
Electro-chemical 

theories,      .      .  291 
-deposition  of 
metals,     .      .  299 
Electrolysis,       .  291-299 
Electro-positive  and 
-negative  elements,  261 
-positive  and  -nega- 
live  ions,     .      .  292 
Elements,  distribution 
of,       .      .      .  15 
groups  of,      265,  305,  94, 
117,  1G9,  214 
heat  of  combustion  of,  283 
isomorphous,  .       .  265 
metallic    and  non- 
metallic,      .     264, 12 
relative  molecular 

density  of,   .       .  243 
specific  heats  of,     .  247 
specific  volumes  of,  252 
symbols  and  atomic 
weights  (table),    .  13 
Embolite,   .      .  .441 
Endothennic,     .       .  286 
Energy,  electric,  storage 

of,       .      .      .  298 
English    and  French 
measures  com- 
pared, .      .  .580 
Epsom  salt,       .      .  398 
Equivalents,  law  of,   .  237 
Erbia, .       .       .  .448 
Erbium  salts,     .     449, 447 
Erubescite,  .      .      .  435 
Ethine,       .       .       .  194 
Estremadurite,  .      .  SS5 
Ethylene,    .        196,  55,  63 
Euchlorine,       .      .  112 
Eudiometers,     .       41,  70 
Eulytln,      .       .       .  6SG 
Exotliermie,      .      .  285 
Expansion    of  gases, 
cncflicients  ot,  for 
1°  C,   .      .       28,  29 


F. 

Fagotling  iron,  .      .  4S2 
Fahlore,    .      .      .  435 
Fahrenheit  degrees 
converted  Into 
centigrade,  .      .  5S2 


PACK 

Faraday  and  ammonia,  150 
and  electrolysis,  .  292 
and  liquefaction  of 

gases,  .        50,  52,  206 
and  slow  combustion,  C7 


Felspar, 

461 

Ferrates, 

474 

FeiTic  chloride,  . 

472 

iodide, 

473 

nitrate. 

475 

oxide. 

474 

phosphate. 

476 

salts, 

472 

salts,  tests  for. 

477 

sulphate,  . 

475 

FeiTo-manganese, 

4CG 

Fenoso-ferric  oxide. 

474 

Ferrous  carbonate. 

476 

chloride,  . 

472 

iodide, 

473 

niti-ate,  . 

475 

oxide, 

474 

pliosphate. 

476 

salts, 

472 

salts,  tests  for, 

477 

sulphate, . 

475 

sulpliide,  . 

476 

Fine  solder, 

418 

Fire-air,     .      .  .  3,  34 

-damp,  .  .  65,  195 
Flames,  structure  of,  60,  63 
Fleitniann  and  Henne- 

berg,  .  .  .322 
Flint,  ....  218 

glass,      .       .  .360 

Flowers  of  sulphur,  121,  119 

Fluoboric  acid,   .  .  222 

Fluoborides,       .  .  222 

Fluocerite,  .  .  .  451 
Fluorine, 

107,  94,  237,  243,  26S 

distribution  of,  .  16 

Fluorides,   .       .  .311 

of  aluminium, .  .  455 

of  arsenic,      .  .  1S6 

of  boron,        .  .  221 

of  calcium,      .  .  3S0 

of  cerium,      .  .  4S1 

of  chromium,  .  .  497 

of  germanium,  .  614 

of  hydrogen,  .  .  108 

of  iodine,       .  .  107 

of  molybdenum,  .  502 

of  niobium,     .  .  541 

of  phosphonis,  .  176 

of  silicon,       .  .217 

of  silver,  .      .  .  441 

of  tantalum,    .  .  543 

of  tin,      .       .  .617 

of  titjinium,     .  .613 

of  uranium,     .  .  609 

of  zii-coniuni,  .  .  521 

Fluor  spar, .      .  107,  SSO 

Fluosbmnatc',    .  .  517 

I'luotantalatcs,   .  .  643 

Fluolitjinates,     .  .613 

Fluozirconatcs,  ,  .  621 
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PAGE 

FormulsE,  graph  if, 
structural,  or  con- 
atitutinnnl,        255,  2ril 

Fowler's  solution,    186,  3<6 

Franklaiid's  analysis  of 

air,      ...  40 

Fraiilvland,  and  lumin- 
osity of  flame,     64,  65 

Fraunhofer's  lines, 

331, 334-336 

Freezing    points  of 

gases,  ...  58 
point  of  solvents,    .  245 

French  and  English 
measures  com- 
pared, .      .  .680 

Fuch's  soluble  glass,  .  347 

Furnace,  description 

of,       ...  59 
for  iron  manufactui'e,  478 

Fuming     liquor  of 

Llbavius,     .       .  517 
sulphuric  acid,     134,  135 

Fusco-cobaltlc  salts,  .  490 

Fusible  metal,    .      .  537 

Fusibility  of  metals,  .  302 
of  metallic  salts,     .  326 

Fusion-mixture,  .      .  369 


G.. 

Gadolinium,       ,      .  13 
Galena,       .      .  416,  422 
Gallium,  462,  268,  271,  302, 
333,  453 

chloride,  .      .      .  463 
sulphate,  .       .       .  463 
tests  for,  .      .  .463 
Galvanised  iron,  .      .  402 
Ganister,     .       .       .  485 
Garnets,      .       .       .  460 
OaiTiierite,  .      .  .491 
Gas  flame,  structure  of,  60 
-holder,   .      .     24,  200 
producers,      .      .  201 
and  vapour,    .  50,  53,  64 
volume  of,  and  tem- 
perature,    .      .  28 
Gases,  absorption  of,  ,  82 
boiling  points,        .  58 
Boyle's  law  of,        27,  53 
cocfficieiits  of  ex- 
pansion for  r  C,  28,  29 
collection  and  pre- 
servation of,       .  24 
critical  pressures  for,  08 
temperatures  for, .  68 
deteiTni nation  of 

densities  of, .  .  45 
diffusion  of,  .  .  30 
effusion  of,  .  .  33 
freezing  points,  .  58 
kinetic  tlicory  of,  .  238 
liquefaction  of, .  50-58 
and  occlusion,  .  .  33 
"permanent," ,      .  68 


Gases —  pagk 
pliysical  constitution 

of,       .      .      .  238 
pressure,  elasticity, 

and  volume  of,     27,  53 
pressure  and  tem- 
perature correc- 
tions in,      .      .  29 
properties  of,  .      .  26 
and  vapours,  relative 

densities  of, .      .  64 
volumetric  combina- 
tion of,        .       .  238 
Gay-Lussac,      .      .  8, 53 
Gay-Lussac's  law, 

8,  28,  53,  238 
method    of  deter- 


vapour 


minmg 
density, 
tower, 

and  Thenard, 
Geissler's  apparatus. 


47 
133 
351 
207 


Germanic  salts,  .  514,  515 
Germanium, 

614,  268,  271,  512 
Geyser  springs,  .  .  82 
Gibbslte,  .  .  .  456 
Glacial  sulphuric  acid,  134 
Glass  of  antimony,  .  533 
manufacture  of,  .  3G0 
varie  ies  of,  .  360,  362 
Glaube-,  ...  3 
Glauber's  salt,  .  .  355 
Ulauberite,  .  .  .  385 
Glover  tower,  .  .133 
Glucinum,  .       .     395,  396 


Gold, 


545,  247,  252,  208. 

301,  302 


alloys, 

chlorides, 

-leaf, 

oxides, 

parting,  . 

refining,  . 

sulphides, 

tests  for,  . 
Governor  for  gas, 
Graham,     .  30, 
Grain  tin, 


.  547 

.  648 

.  647 

.  648 

.  546 

.  546 

.  549 

.  649 

.  200 
240,  321 

.  615 


Graphic  formuliB,    255,  261 
Grapliite,    .      .  .192 
Green  fire,  .      .  .391 
salt  of  Magnus,      .  556 
vitriol,     .       .  .476 
Greenoclvite,      .      .  404 
Grotthuss;  electrolysis,  293 
Groups  of  elements,  2G5, 
305,94,117,169,214 
of  metals,       .      .  305 


Grove's  battery, 
Gudrite, 
Gun  metal,  . 
Gypsum, 


H. 


Hismatite,  . 


.  297 
.  402 
401,  516 
.  334 


474 


TAGU 

Hahnemann's  sol  able 

mercury,     .    411,  414 
Halogen  compounds,  .  94 
group,    .       .       94-1  Ki 
Halogens  and  arsenic,  185 
and  boron,      .  .221 
and  carbon,     .      .  202 
and  nitrogen,  .      .  154 
and  selenion,  .      .  142 
and  silicon,     .      .  215 
and  sulphur,    .      .  125 
and  tellurium, .      .  144 
Haloid  compounds,    94,  316 
See  also  Bromides, 
Chlorides,  Iodides, 
Fluorides. 
Hampson  and  lique- 
faction of  gases,  .  57 
Hard  head,  .       .       .  515 
Hardness  of  water,  384,  387 
Hartshorn,  .      .      .  375 
Hatcliett,    .       .       .  539 
Hausmannlte,     .      .  468 
Hayesine,  .      .      .  358 
Heat  and  chemical 

affinity,  .  282-290 
of    combustion  of 

elements,  .  .  283 
conduction   of,  by 

crystals,  .  .  279 
conductivity  of 

metals,        .    303,  261 
of  neutralisation  of 
acids  by  soda,     .  290 
Heats,    specific,  of 

elements,     .      .  247 
Heavy  metals,    .       .  307 
spar,       .      .      .  393 
HeUum,      .      230,  333,511 
Hempel's  apparatus  for 

analysis  of  air,  .  43 
Henry   and  Dalton, 

law  of, .      .      .  83 
Hepar  sulphuris,       .  350 
Hermann    and  cad- 
mium, .      .      .  404 
Herschei;  pliotography,  415 
Hisinger,    .       .       .  449 
History     of  photo- 
graphy,     .  .411 
Hexads,     .       .    268,  2«i; 
Hexagonal  system,    .  275 
Hexametaphospiiates,  321 
Hofmann    and  com- 
position of  water,  71 
Holmium,  .  .  13 

llomberg'spyrophorus,  458 
lloolce,  .  .  .  1,  2 
llorribiendc,  .  .  399 
Hydraclils  and  plios- 

phine,  .  .  .174 
Hydrargyilite,  .  .  456 
Ilyd  rated  amorphous 

silica,  .  .  .218 
eerie  oxi  Ic,  .  .  451 
cupric  oxychlorlde,  4')3 
stannous  chloride,  .  616 
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Iodides — 

PAGE 

llydrated  tiuigstlc 

Hydroxy  -  ammon  -  di- 

of  silver,  .  , 

.  441 

acid,  , 

506 

sulphonic  acid,  . 

1  til 
lot 

of  sodium. 

3.'>3 

uranic  oxide,  . 

510 

iijuioxyi,  .       .  . 

260 

of  sulplinr,  ■ 

.  l/n 

Hydrates,  . 

78 

Hydroxylamine,  . 

^  '■.0 

of  tcllui ium. 

144 

of  aluminium,  . 

455 

disulphonlc  acid,  , 

10  / 

lOUlUe,  XOJ,  J4,  2tjl , 

243,  247, 

of  sulphuric  oxide, . 

134 

-mouosulphonate,  ■ 

168 

Hydraulic  main, 

199 

xiypo,  .       .       .  lot 

JLOO 

oromides,  ■ 

1  f  17 

,  lu^ 

Hydrazine,  . 

151 

Hypobisrauthous 

chlorides. 

.  106 

Hydrazoic  acid,  , 

153 

oxide,  .      .  • 

.538 

distribution  of, 

Hydrides  of  arsenic,  . 

185 

Hypobromous  acid,  . 

1  1^4 

1 14 

fluoride,  .  ( 

.  107 

of  copper. 

431 

Hypochloriridites,  . 

^t\t\ 

oxides,    »  . 

114 

of  phosphorus, 

172 

Hypochlorites,  metal- 

Ions,  . 

.  292 

Ilydnoclic  acid,  .  lUo, 

146 

lie,  ... 

in 
111 

Iridic  salts,  560 

561,  562 

Hydrobromic  acid, 

102 

Hypoclilorous  acid,  ■ 

111 
111 

Iridlochlorides,  . 

.  561 

Hydrocarbons,    .  197, 

194 

oxide,     ■      ■  • 

no 

1  lu 

Iridious  salts,  560 

561,  562 

Hydrochloric  acid,  97, 
acid,  electrolysis  of. 

ouy 

salts. 

1X1 

Iridites, 

.  5S1 

293 

Hypo-iridious  com- 

Iridium, 559,  252,  268,  271. 

Hydrocyanic  acid, 
Hydrodisodic  phos- 

212 

pounds. 

660 

301 

303,  545 

oxide,  . 

561 

and  ammonium  com- 

phate, . 

356 

Hypo-iridosopotassic 

pounds. 

.  562 

Hydrofluoric  acid,  108 

146 

sulphite, 

562 

chlorides, 

.  501 

Hydrofluosilicic  acid, . 

217 

Hyponitrites,      .    162,  155 

oxides. 

.  561 

Hydrogen,    21,  58,  82,  243, 

Hyponitrous  acid,  155 

156 

tests  for,  . 

.  562 

268 

283 

Hypophosphoric  acid, 

Iridosammonium, 

.  562 

and  ammonium  car- 

182 

177 

Iiidosmine, 

.  560 

bonate. 

375 

Hypophosphorous  acid, 

177 

Iridosochlorides, 

.  561 

sulphide, 

376 

Hyposulphuricacid,  137, 127 

Iiidosodiammonium,  .  562 

borate,  . 

222 

Hyposulphurous  acid. 

Iron  gioup,      305,  46-5-494 

bromide,  . 

102 

136 

127 

Iron,  471,  247,  252, 

265,  268, 

and  carbon,     .  194-202 

Hypothioaisenitcs, 

18S 

270,  301,  465 

chloride,     97,  51,  82,  242 

Hypovanadates,  . 

527 

alloys. 

.  466 

cyanide,  , 

212 

Hypovanadic  salts. 

526 

cast,        .     479-483,  302 

dioxide,  .       .      226,  69 

Hypovanadious  salts. 

526 

chlorides. 

.  472 

discovery  of,  . 

3,  4 

iodides,  . 

.  473 

distribution  of, 

15 

manufacture,  . 

.  477 

fluoride,  . 

108 

I. 

oxides, 

.  473 

liyponitrite. 

156 

oxysalts,  . 

.  474 

iodide. 

105 

Ignition,  definition  of. 

58 

pig,         .     479-4S3,  302 

liquefaction  of. 

55 

temperatures  of. 

65 

puddling. 

480,  482 

monosulphide,  122 

-125 

Imidogen,  . 

260 

refining,  . 

.  4S1 

monoxide, 

69 

Impurities  in  water,  . 

74 

spar, 

.  476 

and  niti'ogen,  .  146 

-154 

Incandescent, 

68 

sulphides, 

.  476 

oxides,    .      ,  69, 

226 

gas  burner. 

64 

tests  for,  . 

.  477 

periodate. 

115 

Indigo-copper,  . 

435 

vitriol. 

.  475 

permanganate. 

470 

Indium,  463,  247,  252, 

268, 

wrouglit,  . 

4S0-1S3 

pliy sical  characters  of, 

68 

333 

453 

Isomerism,  , 

12,  280 

and  potassium  car- 

salts. 

464 

Isomorphism, 

250,  274 

bonate,     .  . 

349 

spectrum. 

464 

Isomoqilious  com- 

sulphate. 

343 

tests  for,  . 

464 

pounds. 

249,  253 

sclenide,  . 

142 

Ink,  blue  sympathetic, 

487 

elements. 

.  265 

and  sodium  carbon- 

Insoluble seleuion. 

141 

substances,  . 

274,  250 

ate. 

368 

lodatcs  of  potassium,  . 

343 

sodium,   and  am- 

Iodic acid,  .       .    114,  270 

monium  i)hos- 

Iodides, 

310 

J. 

phate,  . 

374 

of  antimony,  . 

532 

.  399 

and  sodium  suljihate. 

355 

of  ar.scnic,       .  185, 

186 

Jade,  . 

sulphate, . 

130 

of  cobalt, . 

487 

Joule's  kinetic  theory,  238 

sulpliidcs,        122,  51,  82 

of  iron,  . 

473 

toUurido, 

144 

of  lead,  . 

418 

Hydrometers, 

92 

of  mercury. 

408 

K. 

Hydropotnssic  pyro- 

of  nitrogen. 

1-55 

sulplmte, 

344 

of  palladium,  . 

567 

Kalium, 

.  S36 

Hydrosodlc  carbonate, 

368 

of  plio.sphorus. 

175 

Kaolin, 

.  461 

Hydrosulphuric  acid,  . 

122 

of  iilatinum,  . 

552 

Kelp,  . 

.  104 

HydrosulphurouB  ncld, 

136 

of  potassium,  . 

339 

Kcnucs  mineral. 

.  £35 

Hydroxides, 

77 

of  sclcnion. 

142 

KiiulUng-point,  . 

.  65 

Seo  also  Oxides. 

of  silicon. 

216 

Kinetic  theory  of  gnsos,  2j8 
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Klrclihoff  andBunsen, 
spectral  analysis, 

332-334 

.Klaproth,  .  .  449,  520 
Kupfevnickel,  .  .  491 
Kupferschiefer,  .      .  430 


Lamp-blaek,      .      .  193 
Lanthanum,     449,  450,  447 
salts,       .       .  .450 
Laughing  gas,    .      .  IGl 
Lavoisier,   ...  4 
Law  of  Avogadro,     240,  9 
of  Boyle,         27,  53,  239 
■   of  combining  propor- 
tions, .      .      .  236 
ofDalton,    ■  .  238,6 
of   definite  propor- 
tions, .  .       .    236,  5,  7 
of  Diilong  and  Petit,  249 
of  equivalents,       .  237 
of  Gay-Lussac, 

8,  28,  53,  238 
of  Henry  and  Dalton,  83 
of  isomorphism,     .  250 
of  Mariotte,      27,  53,  239 
of  multiple  propor- 
tions,   .       .       6,  236 
periodic,  .       .    266,  251 
of  reciprocal  propor- 
tions,   .      .       .  237 
of  volumetric  combi- 
nation of  gases,   .  238 
Laws  of  chemical  com- 
bination,    .      .  232 
Lead  group,      416-427,  305 
Lead,  416,  247,252,  2fiS,  .301, 
302,  309,  310 
acetate,   .      .      .  310 
alloys,      .    417,  516,  531 
carbonates,     .  .421 
chlorides,       .    418,  327 
chromate,       .      .  499 
liypovanadate,        •  527 
iodide,     .       .    418,  327 
molybdate,     .      .  503 
nitrate,    .      .      .  420 
oxides,     .       .    418,  261 
phosphates,    .       .  421 
sulplmte,        .       .  420 
sulphides,       .       .  422 
tests  for,  .       .  .422 
tree,       .      .  .299 
vitriol,    .       .  .420 
Lcblanc  process, 

348,  362-368 
Lcclancht's  battery,  .  297 
Lcnno.t  and  liquefaction 

of  gases,      .      .  57 
Lcpidoiite,  .       .  .371 
Light,  composition  of,  330 
metals,    .       .      .  370 
Lime,  ....  8S0 
chloride,  .      .  .382 


PAGE 

Lime  light, .      .  .64 
saltpetre,        .      .  385 
Limestone,  .       .      .  386 
Linde  and  liquefaction 

of  gases,       .       .  57 
Lines  of  solubility,     .  80 
Liquation  of  tin,        .  515 
Liquefaction  of  gases,  50, 205 
Liquid  air  and  oxygen,  57 
Liquids,  absorption  of 
gases  by,     .      .  82 
critical  points  of,    .  53 
density  of,      .       .  88 
diffusion  of,     .      .  85 
molecular  constitu- 
tion of,        .      .  239 
osmose  of,      .      .  86 
specific  volumes  of,  251 
vaporisation  of, 
under  pressure,    .  52 
Liquor  ammonioe,      .  147 
arsenicalis,     .       .  186 
potassre,  .      .      .  341 
Litliarge,    .      .      .  418 
Litliia,        .       .  .370 
Litliium,  370,  237,  247,  252, 
26S,  301,  303,  336 
salts,       .     370,  327,  328 
spectrum,       .      .  333 
Liver  of  sulpliur,       .  350 
Lixiviation,       .      .  348 
Loadstone,  .       .      .  474 
Luminosity  of  flame,  .  62 
Lunar  caustic,    .      .  443 
Lustre  of  metals,       ,  300 


M. 
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Magnesia,  . 
Magnesium  group, 

305,  395-405 
Magnesium,     396,  237,  252, 
268,  .301,  395 
and  ammonium  plios- 

pliate,  .  .  .399 
carbonates,  .  .  400 
chloride,  .  397,  328 
o.xide,  .  .  .398 
phnspliatcs, 
silicates,  . 
sulphate, 
tests  for. 
Magnetic  oxide, 

pyuitcs,  . 
Malachite,  . 
Malleability, 
.\ranganatcs. 
Manganese, 

465,  252,  268,  301 


alloys, 
carbonate, 
chlorides, 
oxides, 
sulphate,  . 
tests  for. 
Manganic  salts. 


399 
399 
398 
400 
474 
476 
iU 
301 

467,  469,  270 

,  302 
466 
.  469 
.  466 
407,  309 
.  409 
.  470 
466,  4G7 


PAGE 

Manganite,  ■  .  in! 
Manganous  salts, 

466,  467,  469 
See  alio  Manganese. 
Mansteld  process,      .  430 
Marble,      .      .  .386 
Mariotte's  law,  .       27,  53 
Marls,        .      .       .  459 
Marsh  gas,  .       .       .  195 
Marsh's  test,      .    190,  536 
Massicot,    .       .  .418 
Matthiessen;  calcium,  379 
Mayow,      .       .      .   li  2 
Measures.  French  and 
English,  compari- 
son of,        .      .  580 
and  weights,    .      .  579 
Meerschaum,      .      .  399 
Melting  points,  deter- 
mining,      .       .  326 
Mendeldetf, 

266,  271,  448,  463,  515 
Mendipite,  .  .  .  418 
Mercurammonium 

chlorides,  .  413,  378 
Mercuro-diammonium 

chloride,  .  .  412 
Mercurosammoniura 

chloride,      .       .  414 
Mercuric  salts,  406-412,  310 
See  also  Mercury, 
salts,  tests  for,       .  414 
Mercuroussalts,  406^12, 310 
See  aUo  Mercury, 
salts,  tests  for,       .  415 
Mercury,  405,  243,  247,  252, 
268,  301,  302,  305 
amalgim"),      .      .  406 
ammonium  com- 
pounds,      .      .  412 
chlorides,        .       ,  407 
chromate,       .       .  499 
Ualmemann's  sol- 
uble,   .       .  411,414 
iodides,    .       .  .403 
nitrates,  .     410,  309,  310 
nitrices,  .       .      .  410 
oxides,     .       .       .  409 
sulphates,       .      .  411 
sulphides,       .      .  412 
tests  for,         .      .  414 
Mesoperioilate,    .      .  115 
Metaborates,       .       .  322 
Metaboric  acid,  .      .  223 
Metals,       .       264,  305,  12 
chemical  relations  of,  304 
chemistry  of,  .      ,  300 
classillcalion  of,      .  305 
conductivity  of,    303,  264 
ductility  of,     .       .  301 
electro-deposition  of,  299 
fusibility  of,    .       .  302 
light  and  heavy,     .  307 
malleability  of,      .  301 
and  non-metals,  12-14,264 
with  non-metals,  com- 
pounds of,    .  300-328 
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Metals—  PAGE 
physical  pvopeities  of,  300 
spectra  of, 

333,  448,  452,  4';4 
tests  for.    See  Tests, 
volatile,  .       .  303 

Metals,  alkali,  305,  33G-378 
alkaline  earth,  379-394 
alunilniuin  group,  453-404 
antimony  group,  524-544 
chromium  gioup,  495-511 
copper  group,  .  428^44 
iron  group,  .  465-494 
lead  group,  .  41G-427 
magnesium  group, 

395-405 

mercury,        ,  405-415 
platinum  group,  545-573 
tin  group,        .  512-623 
yttrium  group,  447-452 
Metallammoniums,    .  378 
Metallic  comiounils, 
classes  of,     .  307-326 
See  also  Bromides, 

Chlorides,  etc. 
elements,       204,  305,  12 
lustre,     .      .       .  300 
salts,  fusibility  of,  326 
Metalloid,  definition  of,  265 
Metjvmeric  compimnds,  281 
Metantimonic  acid,     .  534 
Mefaperiodate,   .      .  115 
Metaphosphates,        .  320 
of  sodium,       .       .  357 
Metaphosphoric  acid, 

181,  320 

Metarsenic  acid,  .      .  187 
Metastannates,    .      .  518 
Metastaunic  acid,    518,  519 
Metatitiuiic  hydrate,  .  513 
Metatungstatcs,  .       .  506 
Metatungstic  acid,      .  60G 
Metavanadates,  .       .  52R 
Meteorites,         .       .  471 
Methane,     .      195,  58,  260 
Methyl,      .       .  .260 
alcohol  flame,  .      .  63 
sulphonic  acid,       .  167 
Jlethylene,        .      .  260 
Meyer's  method  of  de- 
termining vapour 
density,      .       .  49 
Mica,  .       .  .460 

Microcosmic  salt,  .  374 
Milk  of  sulphur,  .  121 
Minietcsite,  .  .  421 
Mineral  chameleon,  .  470 
Mine-tin,  .  .  .  615 
Moissan  and  diamonds,  191 
elements  obtained  by, 

107,  495,  501 
Molcculai-  combination,  259 
constitution  of  gases 

and  liquids,  .    239,  240 
density,  relative,     .  243 
depression,     .      .  246 
■weights,  determina- 
tion of,      .      .  241 


PAGE 

Molecule,    .      .      .  238 
Molybdutes,        .     503, 504 
Molybdenite,      .     501,  504 
Molybdenum,  501 ,  252,  268, 
301,  302,  495 
bromides,       .      .  802 
chlorides,        .       .  501 
fluorides,        .      .  502 
oxides,     .       .       .  502 
sulphides,       .      .  503 
tests  for,        .      .  504 
Molybdic  acid,    .       .  503 
Monads,      .       .    268,  206 
Monatomlc  elements,  243 
Mond's     process  for 

separating  nickel,  492 
Monobasic  acids,  319,  316 
Monocalcic  ortliophos- 

phate,  .  .  .386 
Monoclinic  system,  .  276 
Monometaphosphatcs,  320 
Monometric  system,  .  274 
Monopotassaniiue,  .  378 
Mordants,  .  .  .  456 
Mortar,  .  .  .381 
Mosaic  gold,  .  .  619 
Mosander,  .  .  .  449 
Multiple  propoitions, 

law  of,  .  6,  236 
Muriatic  acid      .     97,  3,  5 


N. 

Nascent  state,  .  ,  235 
Native  sulpliur,  .  121,  119 
Natrium,  .  .  .  351 
Negative  tenninal  of 

battery,       .       .  292 
Neodymium,      .      .  450 
Nepheline,  .       ,      .  460 
Nessler's  test,    .  ,376 
Neutral  oxides,  .  .314 
salts,       .       .     317,  318 
Neutralisation  of  acids,  314 
heat  of    „  290 
Newton  and  composi- 
tion of  light,       .  330 
Niclvcl,     491,  247,  252,  268, 
270,  301,  302,  465 
allovs,     .       .  .631 
salts,       .       .    492, 493 
tests  for, .       .  .494 
Nibpce  and  photography,  446 
Niobatcs,    .       .  .840 
tests  for,  .       .  .841 
Niobic  acid,        .       ,  840 
chloride,  .       .       .  840 
oxide,     .       .    539, 641 
oxytiuoridc,    .       .  641 
Niobium,   .     639,  568,  824 
hydroxide,      .      .  640 
tests  for,  .      .      .  541 
Nitrates,    .      .  .156 
of  ammonium,       ,  374 
of  liarium,      .       .  893 
ofbisnmlh,     .      .  638 


Nitrates —  page 
of  calcium,  .  .  88.5 
of  copper,  .  .  434 
of  lead,  .  .  .  420 
of  mercury,  .  .410 
of  potassium,  .  .  344 
of  scandium,  .  .  44S 
of  silver,  .  .  .  443 
of  sodium,  .  .  3.00, 
of  strontium,  .  .  391 
of  uranium,    .      .  510 

Nitre,  ....  344i 

Nitric  acid, 

156,  40,  155,  309,  310 
anhydride,  .  160,  155 
oxide,  .  162, 58,  155 
peroxide,        .      .  155 

Nitrides  of  boron,  .  223 
of  silicon,  .  ,  220 
of  vanadium,  .      .  530 

Nitrion,      .      .       .  31-5 

Nitrites,  .  .  .  155 
of  mercury,    ,       .  410 

Nitrogen, 

38,  58,  82,  243,  260,  268 
in  air,  propoi  tion  of,  40 
bromide,  .  .  .  155 
and  carbon,  .  .  211 
chloride,  .  .  .  154 
chlorophosphide,  .  184 
compounds,  .  147-168 
distribution  of,  .  15 
and  halogen  elements,  l.H 
and  hydrogen,  146-154 
iodide,  .  .  .  J56 
monoxide,  161,  81,  83 
and  oxygen,  .  155-16G 
peroxide,  .  164,  155 
and  phosphorus,  .  183 
physical  characters  of,  58 
sulphide,        .      .  166 

Nitrosyl  bromide,  .  1G4 
chloride,  .  .  161,  164 
hydrogen  sulphate, .  J  66 
pyrosulphate.  .      .  167 

Nitrous  acid,  163,  155,  166 
anhydride,  .  163,  155 
oxide,     .      .    161,  155 

Noble  metals,     .      .  545 

Nonienclatui-e,  chemical,  16 
and  notation,  chemi- 
cal,     .      .  16-20 

Non-metals  and  metals, 

12-14,  264,  265 
with    metals,  com- 
pounds of,    .  305-326 
Nordhauseu  sulphuric 
acid,     .      .    135,  134 

Normal  salts,     .  317,318 

Nortlimore  and  liiiue- 
faction  of  gases,  .  80 

Notation,  chemical,   .  17 
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Oblique  prismatic 

system,       ,      .  276 
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Oblique  vcctnngulni- 

baseil  octalieilioii,  27C 
rectangular  pi  ism,  .  27G 
rhombic-based  octa- 
hedron,      .      .  27C 
rhombic  prism,      .  276 
Occlusion,  .      .      .  oo 
Octahedral  sulphur,  121,  list 
Oil  gas,      .      .  .201 
of  vitriol,        .  130-i;!5 
Olefiantgas,       .      .  196 
Olszewski  and  lique- 
faction of  gases,  55,  56 
Opacity  of  metals,     .  300 
Opal,   .       .       .  .218 
Optical  propeilics  of 

ciyst-nls,  .  .  278 
Ordinary  phosphoric 

acid,  .  .  .320 
Organic  chcmistrv, 

definition  of,  "l2,  261 
Omithite,  .  .  .385 
Oi-piment,  .  .  184,  188 
Ortlioantimonic  acid,  534 
Orthoarsenic  acid,  .  187 
Oi-tlioborates,  .  .  322 
Orthoboric  acid,  .  .  223 
Ortlioperiodates,  ,  115 
Ortliophospliates,  ,  320 
of  sodium,  .  .  35G 
of  thallium,  .  .  426 
Orthophosphoric  acid, 

180,  182,  320 
Orthorhombic  system,  276 
Osmates,  .  .  .  504 
Osmiamic  acid,  .  .  565 
Osmic  acid,  .  .  564 
Osmiochlorides,  .  .  564 
Osmious  acid,  ,  .  564 
Osmiridium,  .  .  560 
Osmium, 

563,  268,  271,  301,  302 
ammonium  com- 
pounds,      .      .  565 
chlorides,        .       .  563 
oxide-s,    .  .  564 

sulphides,       .      .  565 
tests  for, .       ,  ,566 
Osmose,     ...  86 
Osmotic  pressure,      .  80 
Osmylditetramine 

chloride,     ,      .  566 
compounds,     .       .  566 
Osteolite,    .      .      .  385 
Oxalate  of  samarium,  452 
of  tellurium,   .      .  145 
Oxides,       .      ,      312,  4 
of  aluminium, .      .  455 
of  antimony,   .       .  532 
of  arsenic,       .     ISO,  187 
of  barium,      .       .  392 
of  bismutli,     .       .  538 
of  boron,        .       .  222 
of  cadmium,    .      .  404 
of  calcium,     ,      ,  380 
of  cerium,      ,  .451 
of  chlorine,      ,      ,  110 
VOL.  I. 
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of  chromium,  , 

497 

Oxygon    and  nit\-o- 

of  cobalt,  , 

4S7,  489 

'  gen,     .      .  l.M 

-ICG 

of  copper. 

432 

physical  cliaracters 

of  germanium. 

514 

of,       .  . 

58 

of  gold,  . 

548 

Oxysalts  or  oxygen- 

of  hydrogen,  . 

69 

salts,  . 

314 

of  iodine, 

114 

See  aho  Sulphates, 

of  iridium. 

501 

Carbonates,  etc. 

of  iron,  . 

473 

Ozone,       ,      ,  224 

,  40 

of  lanthanum,  . 

450 

of  lead,  . 
of  magnesium. 

418 

398 

P.- 

of  manganese. 

407 

of  mercury. 

409 

Palladammonium  com- 

of molybdenum, 

502 

pounds. 

568 

of  nickel. 

493 

P.alladic  salts,  ■  .  567, 

568 

of  niobium, 

539 

Palladiodiammonium 

of  osmium. 

504 

chloride. 

568 

of  palladium,  . 

567 

Palladiosemidiammon- 

of  phosphorus, 

176 

i\im  chloride, 

508 

of  platinum,  . 

553 

Palladious  salts,  .    507,  568 

of  potassium,  . 

340 

Pallndium,506, 247,  252,  268, 

of  rhodium,  . 

569 

271,  301,  302,  310 

545 

of  ruthenium,  . 

572 

ammonium  com- 

of samarium,  . 

452 

pounds. 

568 

of  selenion. 

143 

clilorides. 

567 

of  silicon. 

218 

iodide. 

667 

of  silver,  . 

441 

oxides,    .       .  067, 
tests  for,  , 

568 

of  sodium, 

353 

568 

of  strontium,  . 

390 

Paracelsus, . 

3 

of  sulphur. 

126 

Paracyanogen,  . 

213 

of  tantalum,  . 

.543 

Paraffins,  . 

197 

of  telluriimi,  . 

144 

Parting  gold. 

546 

of  thallium. 

425 

Patent  yellow,  . 

418 

of  thorium. 

522 

Pearlash,  , 

348 

of  tin, 

518 

Pentads,     .       .  208 

267 

of  titanium. 

513 

Pent.athionate,  . 

138 

of  uranium. 

509 

Pentathionic  acid,  138, 

127 

of  vanadium,  . 

525 

Pepys'  gas-li  older. 

24 

of  zinc,  . 

402 

Perchloric  acid,  . 

113 

of  zirconium,  . 

521 

Perchromic  acid, 

500 

Oxyacids  or  oxygen- 

Periodates,  . 

115 

acids,  . 

314 

Periodic  acid,  115,  270 

343 

of  arsenic, 

180,  187 

law,       .      .    266,  251 

of  boron,  .  , 

222 

system,    .       .  200-272 

of  bromine. 

114 

system,  graphic  re- 

of chlorine, 

110,  209 

presentation  of,  . 

272 

of  iodine, 

114 

Perissads,  . 

254 

of  phosphorus. 

170 

"  Permanent"  gases, . 

58 

of  selenion. 

143 

PeiTnanganatcs,470,405, 

467 

of  silicon. 

218 

Permanganic  acid, 

470 

of  sulphur. 

120 

Perosmic  acid,  . 

565 

of  tellurium,  . 

144 

Persulphates, 

140 

Oxychloridcs, 

309 

Persulphuric  acid,  140,  127 
Perthiomolybdates,   .  504 

of  lead,  . 

418 

of  manganese, . 

400 

Peruranates, 

511 

of  sulphur. 

1.39 

Petalite,      .  . 

460 

of  vanadium,  . 

529 

Petimtze,  , 

461 

Oxycobaltic  salts. 

490 

Pewter,      .      .  418, 
Plicnyl-diazoimidc, 

516 

Oxyfluorido  of 

nio- 

153 

bium,  . 

541 

Plilogistic  tlicory. 

.1,4 

Oxygen,    34,  4,  58 

,82, 

237, 

Phlogiston, 

3,4 

243 

269 

Phosgene,  . 

208 

in  air,  proportion  of. 

40 

gas, 

204 

and  carbon. 

203 

-209 

Phospliam, 

183 

distribution  of, 
liquefaction  of, 

15 

PhosphalCR,        .  320 
of  ahiminium. 

177 

65,  67 

459 

2p 
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Pliospliafes — 
nf  ammonium, 
of  calcium, 
of  lead,  . 
of  lithium, 
of  magnesium, 
of  sodium, 
of  thallium. 
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.  374 

.  38f> 

.  421 

.  370 

.  399 

.  35G 

.  420 


Phosphide  of  calcium,  38!) 
Phosphine,' .  ' .  .  172 
Pliosphine  and  hydv- 

acids,    .       .       .  174 
Phosphites,        .      .  177 
Phosphomolyhdic  acid,  503 
Phosphonium  bro- 
mide,  .      ,  ,174 
chloride,  .      .  .174 
iodide,     .      .       .  174 
Phosphoplatinic  acid,  .  052 
Phosphoretted  hy- 
drogen,      .       .  172 
Phosphoric  acid,  .    180,  177 
anliydride,      .       .  179 
chloride,  .      .      .  175 
oxide,     .       179,  Ifi,  177 
sulphide,        .      .  182 
Phosphorite,      .      .  385 
Phosphorous  acid,    179, 177 
oxide,      .      .  .178 
sulphide,        .      .  182 
Phosphorus  group,  IG9-1H0 
Phosphorus,    1G9,  243,  247, 
252,  2G8,  283 
bromides,       .       .  176 
chlorides,        .    174,  176 
combustion  of,       .  67 
distribution  of,       .  IG 
fluorides,  ,      .      .  17G 
hydrides,        .      .  172 
iodides,  .     175,  17C 

and  nitrogen,  .      .  183 
oxides,    .      .       .  176 
nxycliloride,    ,      .  175 
salt,        .      .  .374 
sulphides,       .      .  182 
Phosphoryl  salts,       .  183 
Phospliuret  of  lime,  .  389 
Photography,     .       .  444 
Physical  characteristics 
of  gases,    .      .  58 
constitution  of  gases,  238 
properties  of  metals,  300 
Pictet  and  liquefaction 

of  gases,  .  ,  53 
Pig  iron,  479-483,  302 

Piling  iron,  .  .  482 
Pink  salt,  .  .  .517 
Pitchblende,  ,  .508 
Planets,  spectra  of,  .  331 
Plaster  of  paris,  .  384 
Plastic  sulphur,  .  .  121 
Plato  glass, .  .  360,  361 
Platinanimonium  com- 
pounds, 554,  557,  378 
Platinic  salts,  651,  552,  310 
Platinochlorldes,  .  552 
Pltttiuodiammonlum 

compounds,      554,  558 


PAOE 

Platluomonodlammon- 
iinn  compounds, 

554,  567 
Platlnosemldiammon- 
ium  compounds, 

.554,  557 

PlatinosochlorideSj  .  552 
Plutinous  salts,  .Ml,  653 
Platinum  group, 

306,  545-573 
Platinum,  549,  247, 252,  268, 
271,  301,  302,  545 
ammonium  com- 
pounds,      .      .  553 
-black,     .       ,  .551 
bromides,        ,       .  552 
clilorides,       .       .  551 
iodides,    .      .       .  552 
oxides,    .      .       .  553 
refining,  .      .      .  550 
sulphides,       ,       .  553 
tests  for,        ,      .  559 
Platosammonium  com- 
pounds,      .    554,  378 
Platosodiaramonium 

compounds,  .    554,  556 
Platosoraonodiammon- 
ium  compounds, 

554,  556 
Platososemidiammoniunr 

compounds,  554,  555 
Playfair  and  Wanklyn,  165 
Plumber's  solder,  .  417 
Plumbic  salts,  419,  418 
Pneumatic  trough,  .  24 
Poisoning  by  arsenic,  188 
Polyatomic  elements, .  243 
Polymeric  compounds,  280 
Polysulphides,  ,  .  121 
Polythionlc  acids,  ,  127 
Pontil  or  Puntil,  .  361 
Porcelain,  .       .  460 

Positive  terminal  of 

battery,  .  .  292 
Potash,  ■  .  ■  .  .348 
Potjish-salt,  .  .  338 
Potflsh,  separation  of, 

from  syrups,  .  458 
Potassa,  .  .  .340 
Potnssioceric  fluoride,  451 
Potassiocobaltic  nitrite,  489 
Potassioferric  sulphate, 

458,  465 

Potassiorhodic  sulphate,  570 
Potassium,  336,  7,  237,  243, 
247,  252,  268,  301, 
302,  350 

■alum,  .  .  .  458 
amidosulphonatc,  .  168 
ammon-sulphonates, 

167,  1G8 

arsenates,  .  .  346 
arsenites,  .  .  34G 
aurate,  .  .  .  549 
aurosulphitc,  .  .  549 
borates,  .  .  .  347 
bromato,  .      ,      .  343 


PofaS.iIum—  PAGE 

bromide,  .  ,  840,  328 
and  calcium  sul- 
phate, .  .  .  385 
carbonates,  .  347,  328 
and  cerium  sulphate,  451 
chlorate,  .  .  342,  827 
chloride,  .  .  338,  328 
chloriridiafe,  .  .  561 
chromates,  .  499,  309 
discover^'  of,  .  .  7 
disti'ibution  of,  .  16 
ferrate,  .  .  .  465 
ferricyanide,  .  .  312 
ferrocyanide,  .  ,  312 
fluosilicate,  .  .  347 
-hydroxylamine-di- 

sulphonate,  .  .168 
hyponitrite,  .  .  156 
imido-sulphonate,  .  163 
iodat«s,  .  .  .343 
iodide,  .  .  339,  328 
-iron  alirm,  ■  .  .  458 
and  lanthanum  sul- 
phate, .  .  .  450 
manganate,  .  .  469 
niobates,  .  .  .  540 
niobofiuoride,  .  .541 
nitrate,  .  344, 156,  327 
nitrite,  .  .  .  156 
nitrilosulphonate,  .  167 
osmate,  .  .  .  565 
osmlochlorlde,  .  564 
oxides,  .  .  .  340 
permanganate,  .  470 
phosphates,  .  .  34C 
plumbate,  .  .  419 
and  rhodium  chlorides,5G9 
silicates,  .  .  .  347 
silicofluoride,  .  .  347 
and  sodium  car- 
bonate, .  .  3G9 
spectrum,  .  .  333 
stannate,  .  .  519 
snlphamate,  .  .  377 
sulphates,  .  .  343 
sulphides,  .  .  349 
tests  for,  .  .  .350 
and  thorium  sulphate,  523 
zireonatc,  .  .  521 
Powder  of  algaroth,  .  532 
Praseodymium,  .  .  450 
Prcclpitants  for  salts. 

See  Tests  for  salts. 
Prescri'atlon  of  gases,  24 
Pressure,  elasticity,  and 

volume  of  gases,  27,  53 
correction  for,  in  gascs,29 
Priestley,    .      .    3,  8,  146 
Primaiy    fonns  of 

crystals,      .  .277 
salts,      .      .  .317 
Principe  oxyglnc,      ,  4 
Prismatic  sulphur,     .  121 
Prisms,      .      .  .330 
Products  of  chemical 
changTJ,  conditions 
affecting,     .      .  233 
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ProcUicci'  gus,  .  201 

Proiioi  ties  of  aciils,  .  4 
of  alkalis,  .  .  5 
of  gases,  .  .  .  'i(> 
of  solutions,  .  .  85 
of  water,  .  .  7o,  7U 
Proportions,  combining 

laws  of,  5,  (>,  7,  236 
Proust,  ..  .  .  5 
Prusslc  nci4,      .      .  212 

Puce  419 

Paddling  iron,  .  4S0,  482 
Purifiers,  .  .  .199 
PuiT)le-copper,  .  435 
of  Cassius,  .  520,  549 
Putty  powder,  .  .  516 
I'yroantinionic  acid,  .  534 
Pyroarsenic  acid,  .  187 
Pyrobnratcs,  .  .  322 
Pyroboric  acid  .  .  223 
Pyroniorpliite,  .421 
Pyrophosphates,  321 
of  sodium,  .  .  35(> 
Pyiophosphodlamic 

acid,  .  .  .  ISl 
Pyrophosphoric  aciil,  .  181 
Pyrophospliotriamic 

acid,  .  .  .183 
Pyrosulphujic  acid, 

135,  127,  134 
oxychloride,    .      .  140 
Pyrovanadatcs,  .      .  528 


Quadratic  system,  .  275 
Quadribnsic  acids,  319,  31(i 
Quadrisilicatcs,  .  .  323 
Quartz,  .  .  218,  461 
Quicksilver.  See  Mercury. 


lladicles,    .      ,  .260 
llain  water,  composi- 
tion of,        .      74,  77 
IJjimsay  and  helium, 

230,  333,  511 
Haoult,       ,       .       .  245 
liatc      of  chemical 
change,  conditions 
affecting,     .       .  233 
Kayleigli  and  Kamsay; 

argon,  .  .  40,  228 
licjictions    for  salts. 

See  Tests  for  salts. 
Kealgar,     .      .    184,  188 
Keciprocal  proportions, 

law  of,  ,      ,      .  237 
Kcdtirc,      .       .  .301 
lead,       ,      .  .419 
manganese  o.tide,   .  4(18 
oxide,      .  .  432 

oxide  of  mercury,  .  409 
phosphorus,    .      .  171 


Red— 

precipitate, 

rutliito,  '. 

silver  ore, 
Iletineries,  . 
Refining  copper, 

iron, 

gold, 

mercury,, 
platinum, 
silver, 
tin,  . 
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.  409 
.  435 
.  443 
.  481 
.  430 
.  481 
.  546 
.  405 
,  550 
,  439 
.  515 


Regniuilt  and  density 

of  giis, ...  45 
Regular    double  si.\- 

sided  pyramid,    .  276 
octahedron,    .      '.  274 
six-sided  prism,      .  276 
system,   .      .      .  274 
Reich  and  Richtcr,  433,  463 
Reinsch's  test,  '.      .  190 
Relative  density,'  87-93 
Residues,    .       .       .  260 
Resistance,  electrical, 

of  metals,    .      .  303 
Revcrberatory  fur- 
nace,  ...  59 
Rcy,   ....  2 
Reynolds'  diagram  of 
periodic  system, 

271,  272 

Rhodic  acid,      .       .  570 
salts,      '.       .    569,  570 
Rliodium,  569,  252,  268,  270, 
301,  .302,  545 
ammonium  com- 
pounds,      .      .  570 
chloride,  .       .       .  569 
cliloride  compounds,  5G9 
o.xides,    .      .      .  569 
sulpliate,        .       .  570 
tests  for, .      .      .  570 
Rhombic  dodecahe- 
dron,   .       .       .  274 
Rhombohedron,  .      .  276 
Riehter,     ...  5 
Right  prismatic 

system,       .      .  276 
rectJingular-based 

octahedron,        .  276 
rectangular  prism,  .  276 
rhombic-based  octa- 
hedron,      .      .  276 
rhombic  prism,      .  276 
8(iuare-b.ased  octa- 
hedron,      .      .  275 
squn'C  prism,  .       .  275 
Rock-crystal,    .  .218 
-salt,       .       .       .  353 
Rohstein,    ,      .      .  4;;() 
Romeino,    .      .      .  533 
Roscoe  and  nitric  acid,  158 
Rose's'    process  for 

se])arating  col)alt,  486 
Rubidium,      370,  2.j2,  268, 
301,  302,  333,  336 
-alum,     .       .      .  458 
salts,       .       .    371,  328 


PA  OR 

Ruby  suljihur,    .      .  184 

Ruthenium, 

571,  268,  270,  545 
amn'ionium  com- 
pounds, .  .  573 
chlorides,  .  .  571 
oxides,  .  .  .  572 
sulphides,  .  .  572 
tests  for, .      .       .  573 

Rutile,       .      .  .512 


S. 

Safcty'lamp,      .       65,  66 
Sal  alembroth,    .      .  407 
-anunoniac,    '.    147,  373 
.Salines,      .      .      .  339 
Salt,  common,     .     15, 352 
-cake  fumacc,        .  362 
-cake  process,  .       .  362 
of  hartshorn,  .      .  375 
Saltpetre,    .      .  .344 
Salts,  acid,  .      .      .  317 
amphid,  .      .      .  316 
binary  theory  of,     .  316 
deliquescence  of,   79,  368 
double,  and  triple,  .  317 
efflorescence  of,      .  79 
fusibility  of,    .       .  326 
haloid,     .       .     316, 94 
melting  points  of,    ,  326 
normal  or  neutral,  .  317 
oxygen,  .       .       .  314 
primary,  secondary, 

and  tertiary,       .  317 
solubility  of,         79,  329 
Sal  volatile,       .      .  375 
Samaria,     .       .       .  452 
Samarium,  .      '.    452, 447 
salts,       .  .  452 

spectrum,  .  .  452 
Scalenohcdron,  .  .  276 
Scandia,  ,  .  .  448 
Scandium, 

448,  268,  271,  447 
nitrate,    .      .       .  448 
sulphates,       .       .  448 
Schaffner  and  Helbig's 

process,  .  .  389 
Schecle  and  oxygen,  .  3,  34 
Scheele's  green,  .  186,  434 
Scheelite,  .  .  .  605 
Sclionbein  and  ozone,  224 
Sehweinfurtli  green,  .  186 
Scrubbers,  .  .  .199 
Secondary  batteries,  .  298 
forms  of  crystals,  .  277 
salts,  .  .  .317 
Selenic  aeid,  .  .  143 
.Selenides,  .  .  325,  142 
.Sclcnion,  141,  16,  117, 

252,  268 

bromides,  .  .  142 
chlorides,  .  .  142 
iodides,  .  .  142 
oxides,     .       .       .  113 
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Selcniosulptiuric  acid, 

137,  143,  127 
Sclcnious  acid,  .  .  143 
Sclciiitc,  .  .  .384 
Seloiiites,  .  .  .  143 
Senarmontitc,  .  .  533 
Senliouse  and  cliarcoal,  194 
Serpentine,  .  .  .  399 
Scsquicarbonate  of 

ammonia,     .      .  375 
of  soda,   .       .  .369 
Siemens'  induction 

tube,    .      .  .225 
-Martin  process,     .  4S5 
Silosian  zinc  furnace,  .  401 
Silica,  .      .      .     218,  16 
Silicates,     .      .  .323 
of  aluminium,        .  459 
of  magnesium,       ,  399 
of  potassium,  ,      .  347 
of  sodium,      .      .  359 
Silicic  acids,      .      .  219 
chloride,  .      -.      .  216 
cliloroform,     .       .  21C 
Sllicodecitungstic  acid,  507 
Silicofluoric  acid,       .  217 
Silicofluoridcs,    .      .  218 
Silicoformic  anhydride,  216 
Silicomethano,    .       .  215 
Silicon,       .     214,  252,  268 
bromides,       .      .  216 
clilorliydrosulphide,  220 
chlorides,       .       ,  215 
distribution  of,       .  16 
fluoride,  .       .       .  217 
hydride,  .  .  215 

liydrotrichloride,  .  216 
iodides,  .  .  .216 
oxides,  .  .  .  218 
nitride,  .  .  .  220 
sulphides,  .  .  217 
Silico-oxalic  acid,  .  216 
Silicotungstates,  .  .  506 
Silicotungstic  acid,  .  507 
Silver,  436,  247,  252,  268, 
301,  302,  428 
allotiopic,  .  .  440 
alloys,  .  .  406,  531 
-alum,  .  .  .  458 
ammonium  com- 
pounds, .  .  444 
assay,  .  .  .  440 
bromide,  .  .  441,  327 
carbonate,  .  .  443 
cliloridcs,  .  440,  327 
cl\loride  battery,  .  298 
cliromale,  ,  .  499 
(litlilonatc,  .  .  442 
extraction,  .  .  436 
lUioriilc,  •.  .  .  441 
liypovanadatu,  .  527 
iodide,  .  .  441,  327 
iiiliale,  443,  308,  310,  327 
oxides,  ,  .  .441 
jioriodalo,  .  .  115 
prnpcrtie."i  of,  .  .  439 
purilicatiou,    .      .  439 


Silver —  i'Agk 
sulphate, .      ,    442,  .328 
suli)hide,        ,      .  443 
tests  for,  .      .      ,  444 
Simple  elements,       .  204 
Single  fluid  batteries, 

•     295, 297 
Sinfiulosilicates, .       .  323 
Slag,  .      .      .  .480 
Slagwool,    .      .  .480 
Slow  combustion,      .  67 
Smalt,        .      .  .488 
Smelting  silver  ores,  .  436 
Smithell's  burner,     .  62 
Soapstone,  .      .      .  399 
Soda,  .      .      .  362-368 
ash,  .       .       .    362,  365 
-ash  process,   .      .  363 
salts,       .      .  .364 
waste,      .       .       .  366 
Sodamide,  ,      .       .  153 
Sodio-aurous  thiosul- 

phate,  .      .      .  549 
Sodium,  351,  7,  16,  237,  247, 
252,  268,  301,  302, 
336,  369 

Sodium-alum,    .      .  458 
and  aluminiimi 

fluoride,  .  .  455 
ammonium  and  hy- 
drogen pliospliate,  374 
arsenates,  .  .  358 
borates,  .  .  .  358 
bromide,  .  .  353,  328 
carbonates,  362-369,  328 
carbonate  manu- 
facture, .  362-368 
carbonate,  proper- 
ties of,  .  .  .  368 
chlorate,  .  .  354,  327 
chloride,  .  .  352,  328 
ehloriridintc,  .  ,  561 
chloro-aurate,  .  .  548 
distribution  of,  .  16 
hydroxide,  .  -353, 242 
liypochlorite,  .  .  354 
hyposulphite, 

354,  355,  136,  137 
iodide,  ,  .  353, 328 
nictapliosphates,  357,  328 
niobatos,  .  ,  .  540 
nitrate,  ,  .  356,  327 
orthopliosphates,  .  356 
osmiocliloridc,  .  564 
oxides,  .  .  .  353 
phospliates,  .  35G,  828 
and  potassium  car- 
bonate, .  .  369 
pyropho.sphates,  ,  356 
and  rhodium  clilo-  ! 

ride,  .  .  .569 
silicates,  .  ,  ,  359 
spectrum,  .  ,  333 
stannale,  ,  .  .  519 
sulphates,  .  355,  328 
sulpliidc,  .  ,  .  369 
sulphilcs,  .  .  355 
tests  for,  .      .      .  3G9 


Sodium— 

tliiosulpliatc,  . 

uranate,  . 

xirconates. 
Solder, 

Solids,  density  of, 
solution  of. 
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.  355 
.  510 
.  521 
418,  516 
.  87 
.  79 


specific  volume  of,  .  251 
Solubility  of  salts,    79,  329 
lines  of,  .      .      .  80 
Soluble  glass,     .    323,  359 
selenion,  .      .  .141 
Solution  of  solids,      .  79 
Solutions,  properties  of,  85 
Sombrerite,        .      .  385 
Soret  and  ozone,        .  224 
Spatliose  iron  ore,      .  476 
Specific  gr.avity,  defini- 
tion of,  .      .       .  87 
gravity,  methods  of 

determining,  SS-93 
heats,      .      .      .  247 
volume,  .      .      .  251 
Spectra,  absori)tii)n,    .  334 
of  metals,  333, 448,452, 464 
Spectral  analysis,      .  330 
Spectroscope,     .  330-333 
Spectrum,  .       .      .  330 
Speculum  metal, .    431,  516 
Speiss,        .      .    488,  491 
Spiegeleisen,      .      .  466 
Spirit  of  haitshoni,    .  147 
of  wine,  flame  of,    .  63 
Spodumcnc,       .      .  460 
Sprengel's  a])paratus,  .  89 
"Squirting,"      .       .  424 
Stahl  and  phlogiston,  .  3 
Standard  silver,  .      .  440 
Stannatcs,   .      .      .  518 
Stannate  of  sodium,   .  519 
of  potassium,  .  .519 
Stannic  acid,      .      .  518 
salts,        .    516,  517,  518 
salts,  tests  for,       .  520 
Stannochlorides,  .  .517 
Stamiofluoridcs,  .      .  517 
Stnnnosochlorides,      .  517 
Stannous  oxide,  .  518,283 
sjllts,    .        516,  517,  518 
salts,  tests  for,       .  520 
Stars,  spectra  of,       .  331 
Steatite,     .      .      .  399 
Steel,  .      .      .  .483 
-tungsten  alloy,      .  605 
Stereo  chemistry,      .  12 
-metal,    .  .  631 

Stibine,  .  ,  .531 
Stilbitc,  .  .  .  4filt 
Stoneware,  .  ,  .  461 
Strojim-tin,  .  .  515 

Stromcyer   and  cad- 
mium, .       .       .  404 
Strong acid.definilion  of,  294 
Storage    of  electric 

energy,       .      .  298 
Strontia,     .      .  .390 
Strontium,  390,  252,  268, 379 
spectrum,       .  333 
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strontium—  page 
salts,     390,  391,  327,  328 

test  for,  .  .  .394 
Structural  formuliB,  255, 2G1 
Structure  of  fiames,  CO,  63 
Suboxide  of  copper,  .  432 
Sulpliamate  of  barium,  377 

of  potassium,  .  .  377 

Sulphamic  acid,  .  .  376 
Sulphates,       127,  131,  118 

of  aluminium,  .  457 

of  ammonium,  .  374 

of  barium,      .  .  393 

of  cadmium,    .  .  404 

of  calcium,      .  ,  384 

of  cerium,      .  .  451 

of  chromium,  .  .  498 

of  cobalt, .      .  .488 

of  copper,  .  .  434 
of  cuprammonium,  .  378 

of  erbium,      .  .  449 

of  gallium,      .  .  463 

of  lanthanum,  .  .  450 

of  lead,    ,      ,  .  420 

of  lithium,      .  .  370 

of  magnesium,  ,  398 

of  manganese, .  .  469 

of  mercury,     .  .411 

of  nickel,        .  .  493 

of  potiissium,  .  .  343 

of  rhodium,     .  .  570 

of  samarium,  .  .  452 

of  scandium,   .  .  448 

of  silver,        .  .  442 

of  sodium,      .  .  355 

of  strontium,  .  .  391 

of  terbium,     .  ,  449 

of  thallium,     .  .  426 

of  thorium,      .  .  523 

of  tin,     .      ,  .518 

of  vanadium,  .  ,  626 

of  ytterbium,  .  .  449 

of  yttrium,      .  .  449 

of  zinc,    .       .  .  403 

Sulphazolates,  .  .  1«8 
Sulphides,   .      323,  16,  117 

of  alunmiium,  .  .  457 

of  ammonium,  .  -'176 

of  antimony,  .  .  534 
of  arsenic,      .    181,  188 

of  barium,       .  .  394 

of  boron,".       .  .  223 

of  cadmium,    .  .  404 

of  calcium,      .  .  388 

of  carbon,       .  .  209 

of  copi)cr,        ,  .  435 

of  germanium,  .  515 

of  iron,   .      .  .  47c 

of  lead,    .      .  .  422 

of  mercury,     .  .  412 

of  molybdenum,  .  503 

of  nitrogen,     .  . 

of  osmium,      .  .  565 

of  palladium,  .  ,  568 

of  phosphorus,  .  182 

of  platinum,   .  ,  553 

of  potassium,  .  .    3 19 

of  ruthenium,  .  .  572 


Sulphides—  I'AGi; 
of  silicon,       .      .  219 
of  sodium,       ,       .  3G9 
of  thallium,     .      ,  427 
of  tin,      .       .  .519 
of  tungsten,    .      .  507 
of  vanadium,  .      .  530 
of  zinc,    .      .      .  403 
Sulphion,    .      .  .315 
Sulphites,   .       .  .126 
of  sodium,       .       .  355 
Sulphocarbonic  acid,  .  210 
Sulphonate,       .      .  167 
Sulphonie  aeid,  .      .  167 
Sulphur  group,  .  117-146 
Sulphur,    117,  16,  237,  243, 
247,  252,  268,  283,  314 
and  ammonia,        .  167 
auratum,        .      .  535 
bromides,       .      .  126 
chlorides,       .  .125 
dioxide,    .     .    127,  126 
dioxidc,liquefaction  of,  51 
distribution  of,       .  16 
and  hydrogen,        .  122 
iodides,    .      .  .126 
modifications  of,     .  121 
and  nitrogen,  .      .  166 
oxides,     .      .      .  126 
precipitatum,  .      ,  388 
salts,      ,     • .       .  325 
trioxide,  .       .     129,  126 
Sulphuretted  hydrogen,  122 
Sulphuric  acid,  130, 127, 261, 
309,  310,  311 
acid,  varieties  of,  134,  135 
anhydride,      .    129,  126 
chlorhydrin,   .      ,  139 
hydroxichloride,     .  139 
oxide,    .        .    129,  126 
oxide,  hydrates  of,  .  134 
oxychloride,    .      .  139 
Sulphurous  acid, 

128,  127,  167 
anhydride,      .     127,  126 
oxide,        .    127,  82,  126 
oxychloride,    .      .  139 
Sulphuryl  chloride,    .  139 
Superphosphate  of 

lime,  .  .  .  386 
Symbols,  chemical,  13,  11 
Synthetical  research,  de- 

linition  of,  .  .  69 
Systems,  crystallo- 

graphic,      .      .  274 


T. 

Talbot  and  photography, 

445,  446 

TalbotyiKi  process,  ,  445 
Talc,  ....  399 
Tantalates,  tests  for, 

541,  614 

Tantallc  acid,     .      .  643 
salts,       .     642,  543,  514 
Tantalulluorides,      ,  643 
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Tantalous  salts,  . 

542,  543 

Tantalum,  542,  268 

302 

521 

chloride,  .  , 

542 

fluoride,  . 

543 

oxides, 

.543,  54t 

tests  for,  . 

541 

544 

Tartar  emetic, 

533 

Tellurates,  . 

146 

Telluric  acid, 

146 

salts. 

146 

636 

Tellurides,  , 

325 

Tellurites,  . 

145 

Tellurium,  144, 16, 

117, 

247, 

262 

268 

bromides,  , 

144 

chlorides. 

144 

iodides,  . 

144 

oxides,  . 

146 

sulphides. 

146 

Tellurous  acid,  . 

145 

oxide. 

144 

oxide  and  hydrogen 
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Hygiene  and  Public  Health :  a  Treatise  by 

variouB  Authors.  Edited  by  Thomas  Stevenson,  M.D.,  F.B.C.P., 
Lecturer  on  Chemistry  and  Medical  Jurisprudence  at  Guy's  Hospital ; 
Official  Analyst  to  the  Home  Office ;  and  Shirley  F.  Murphy,  Medical 
Officer  of  Health  of  the  County  of  London.  In  3  vols.,  royal  8vo,  fully 
Illustrated.   Vol.  I.,  28s. ;  Vol.  II.,  32s. ;  Vol.  III.,  20s. 

A  Simple  Method  of  Water  Analysis,  especially 

designed  for  tlie  use  of  Medical  Officers  of  Healtli.  By  John  C. 
Thresh,  M.D.Vic,  D.Sc.  Lond.,  D.P.H.  Camb.,  Medical  Officer  of 
Health  for  the  County  of  Essex.  Second  Edition,  enlarged.  Feap. 
8vo,  2s.  Od. 

Elements  of  Health :  an  Introduction  to  the 

Study  of  Hygiene.  By  Louis  C.  Pabkes,  M.D.,  D.P.H.  Lond., 
Medical  Officer  of  Health  for  Chelsea,  Lecturer  on  Public  Health  at 
St.  George's  Hospital.    Post  8vo,  with  27  Engravings,  .Ss.  6d. 

Diet    and    Food  considered    in    relation  to 

Strength  and  Power  of  Endiu-anee,  Training  and  Athletics.  By 
Alexander  Hair,  M.D.,  F.R.C.P.   Crown  8vo,  2s. 

The  Prevention  of  Epidemics  and  the  Con- 
struction and  Management  of  Isolation  Hospitals.  By  Booeb 
McNeill,  M.D.  Edin.,  D.P.H.  Camb.,  Medical  Officer  of  Health  for 
the  County  of  Argyll.   Svo,  with  several  Hospital  Plans,  10s.  6d. 

A  Manual  of  Bacteriology,  Clinical  and  Ap- 
plied. With  an  Appendix  on  Bacterial  Remedies,  &c.  By  Richard 
T.  Hewlett,  M.D.,  M.R.C.P.,  D.P.H.  Lend.,  Assistant  in  the 
Bacteriological  Department,  British  Institute  of  Preventive  Medicine. 
With  75  Illustrations,  post  Svo,  10s.  6d. 

Hospitals  and  Asylums  of  the  World :  their 

Origin,  History,  Construction,  Administration,  Management,  and 
Legislation.  By  Sir  Henry  C.  Burdktt,  K.C.B.  In  4  vols.,  super- 
royal  Svo,  and  Portfolio.  Complete,  168s.  Vols.  I.  and  II. — Ajsylums, 
90s.   Vols.  III.  and  IV.— Hospitals,  with  Plans  and  Portfolio,  1203. 

Mental  Diseases  :  Clinical  Lectures.    By  T.  S. 

Clouston,  M.D.,  F.R.C.P.  Edin.,  Lecturer  on  Mental  Diseases  in  the 
University  of  Edinburgh.  Fourth  Edition.  Cr.  Svo,  with  15  Plates,  14s. 

The  Insane  and  the  Law  :  a  Plain  Guide  for 

Medical  Men,  Solicitors,  and  Otiiers  as  to  the  Detention  and  Treat- 
ment, Maintenance,  Responsibility,  and  CaiMcity  either  to  give 
evidence  or  make  a  will  of  Persons  Mentally  Afflicteii.  With  Hints  to 
Medical  Witnesses  and  to  Cross-Kxamining  Counsel.  By  G.  PlTT- 
Lkwis,  Q.C.,  H.  Percy  Smith,  M.D.,  F.R.C.P.,  Resident" Physician, 
Bethlem  Hospital,  and  J.  A.  Hawke,  ]3.A.,  Barrister-at-Law.  Svo,  14s. 
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A  Text-Book  on  Mental  Diseases  for  Students 

and  Practitioners  of  Medicine.  By  Theodore  H.  Kellogg,  M.D., 
late  Medical  Superintendent  of  Willard  State  Hospital,  U.S.A.  Willi 
Illuatrations,  8vo,  253. 

A  Dictionary  of  Psychological  Medicine,  giving 

ttie  Definition,  Etymology,  and  Synonyms  of  the  Terms  used  in 
Medical  Psychology ;  with  the  Symptoms,  Treatment,  and  Patho- 
logy of  Insanity ;  and  The  Law  of  Lunacy  in  Great  Britain  and 
Ireland.  Edited  by  D.  Hack  Turk,  M.D.,  LL.D.,  assisted  by 
nearly  130  Contributors,  British,  Continental  and  American.  2  vols., 
1,500  pages,  royal  8vo,  Illustrated,  428. 

Mental  Physiology,  especially  in  its  Relation 

to  Mental  Disorders.  By  Theo.  B.  Hyslop,  M.D.,  Resident  Physician 
and  Medical  Superintendent  at  Bethlem  Royal  Hospital,  Lecturer  on 
Mental  Diseases  in  St.  Mary's  Hospital  Medical  School.    8vo,  18b. 

The  Mental  Affections  of  Children :  Idiocy, 

Imbecility,  and  Insanity.  By  Wji.  W.  Iueland,  M.D.  Bdin., 
formerly  Medical  Superintendent  of  the  Scottish  Institution  for  the 
Education  of  Imbecile  Children.   With  20  Plates,  8vo,  Hs. 

Mental  Affections  of  Childhood  and  Youth 

(Lettsomian  Lectures  for  1887,  etc.).  By  J.  Langdon-Down,  M.D., 
F.H.C.P.,  Consulting  Physician  to  the  London  Hospital.   8vo,  6s. 

The  Journal  of  Mental   Science.  Puhlished 

Quarterly,  by  Authority  of  the  Medico-Psychological  Association. 
8vo,  58. 

Manual  of  Midwifery,  including  all  that  is 

liltely  to  be  required  by  Students  and  Practitioners.  By  Alfred  L. 
Qalabin,  M.A.,  M.D.,  P.B.C.P.,  Obstetric  Physician  and  Lecturer 
on  Midwifery  and  Diseases  of  Women  to  Guy's  Hospital.  Fourth 
Edition.    Crown  8vo,  with  271  Engravings,  I.ds. 

The  Practice  of  Midwifery :  a  Guide  for  Prac- 
titioners and  Students.  By  D.  Llovd  Roberts,  M.D.,  K.R.C.P., 
Lecturer  on  Clinical  Midwifery  and  Diseases  of  Women  at  the  Owens 
College  ;  Consulting  Obstetric  Physician  to  the  Manchester  Hoyal 
Infirmary.  Fourth  Edition.  Fcap.  8vo,  with  Coloured  Plates  and 
Wood  (22fi)  Engravings,  10s.  6d. 

A  Short  Practice  of  Midwifery,  embodying  the 

Treatment  adopted  in  the  Rotunda  Hospital,  Dul)lin.  By  JIenrv 
Jkllett,  M.D.,  Assistant  Master.  Hottinda  Hospital.  With  45  Ilhis- 
trations.  Crown  8vo,  6a. 
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Obstetric  Aphorisms :  for  the  Use  of  Students 

commencing  Midwifery  Practice.  By  Joseph  G.  Swayne,  M.D., 
Lecturer  on  Midwifery  in  the  Bristol  Medical  School.  Tenth  Edition. 
Fcap.  8vo,  with  20  Engravings.   3s.  6d. 

Economics,  Anaesthetics,  and  Antiseptics  in 

the  Practice  of  Midwifery.  By  Hatdn  BRO\vif,  L.Ii.C.P.,  L.K.C.S. 
Edin.    Fcap.  8vo,  23.  6d. 

Lectures  on  Obstetric  Operations :  including 

the  Treatment  of  Haemorrhage,  and  forming  a  Guide  to  the  Manage- 
ment of  Difficult  Labour.  By  Egbert  Babnes,  M.D.,  F.E.C.P., 
Consulting  Obstetric  Physician  to  St.  George's  Hospital.  Fourth 
Edition.    8vo,  with  121  Engravings,  12s.  6d. 

By  the  same  Author. 

A  Clinical  History  of  Medical  and  Surgical 

Diseases  of  Women.    Second  Edition.   8vo,  with  181  Engravings,  28s. 

Gynaecological     Operations    (Handbook  of). 

By  Alban  H.  G.  Dohan,  F.R.C.S.,  Surgeon  to  the  Samaritan  Hospital. 
8vo,  with  167  Engravings,  15s. 

Diseases  of  Women.  (Student's  Guide  Series.) 

By  Alfred  L.  Gaxabin,  M.A.,  M.D.,  F.R.C.P.,  Obstetric  Phy- 
sician to,  and  Lecturer  on  Midwifery  and  Diseases  of  Women  at, 
Guy's  Hospitiil.  Fifth  Edition.  Fcap.  8vo,  with  142  Engravings,  8s.  6d. 

Manual  of  the  Diseases  peculiar  to  Women. 

By  James  Oliver,  M.D.,  F.R.S.E.,  M.R.C.P.,  Physician  to  the 
Hospital  for  Diseases  of  Women,  London.    Fcap.  Svo,  38.  6d. 
By  the  same  Author, 

Abdominal  Tumours  and  Abdominal  Dropsy 

in  Women.    Crown  Svo,  7s.  6d. 

A    Practical    Treatise    on    the    Diseases  of 

Women.  By  T.  Gaillabd  Thojias,  M.D.  Si.xth  Edition,  by  Paul 
P.  MuNDi,  M.D.,  Professor  of  Gynaecology  at  the  New  York 
Polyclinic  and  at  Dartmouth  College.  Hoy.  Svo,  with  347  Engrav- 
ings, 25s. 

Sterility.    By  Robert  Bell,  M.D.,  F.F.P.  &  S.  Glasg., 

Senior  Physician  to  tlie  Glasgow  Hospital  for  Diseases  peculiar  to 
Women.    Svo,  hs. 

A  First  Series  of  Fifty-four  Consecutive  Ovario- 
tomies, with  Fifty-three  Recoveries.  By  A.  C.  BuTLKR-SMTrHK, 
F.R.C.P.  Edin.,  Surgeon  to  the  Samaritan  Free  Hospital,  Senior 
Surgeon  to  the  Qrosvenor  Hospital  for  Women  and  Children.  Svo, 
6b.  6d. 
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A  Manual  for  Hospital  Nurses  and  others  en- 

giifjed  in  Attending  on  the  Sick.  By  B.  J.  Domvillk,  Surgeon  to 
the  Devon  and  Exeter  Hospital.    Eighth  Edition.    Crown  8vo,  2s.  6d. 

A  Manual  of  Nursing,  Medical  and  Surgical. 

By  Charles  J.  Cullinqwohth,  M.D.,  F.R.C.P.,  Obstetric  Physician 
to  St.  Thomas's  Hospital.    Third  Edition.    Fcap.  8vo,  28.  ijd. 
By  the  same  Author. 

A    Short     Manual     for    Monthly  Nurses. 

Hevised  by  M.  A.  Atkinson.   Fourth  Edition.   Fcap.  8vo,  Is.  6d. 

Notes  on  Gynaecological  Nursing.    By  John 

Benjamin  Hellier,  M.D.,  M.R.C.S.  Lecturer  on  the  Diseases  of 
Women  and  Children  in  the  Yorkshire  College,  and  Surgeon  to  the 
Hospital  for  Women,  etc.,  Leeds.   Crown  Svo,  Is.  6d. 

Lectures  on  Medicine  to  Nurses.    By  Herbert 

B.  Cuff,  M.D.,  F.R.C.S.,  Medical  Superintendent,  North  Eastern 
Fever  Hospital,  London.  Second  Edition.  With  29  Illustrations. 
Crown  Svo,  3s.  6d. 

Antiseptic  Principles  for  Nurses.    By  C.  E. 

Richmond,  F.K.C.S.   Fcap.  Svo,  Is. 

A  Practical  Treatise  on  Disease  in  Children. 

By  Eustace  Smith,  M.D.,  F.R.C.P.,  Physician  to  the  King  of  the 
Belgians,  and  to  the  East  London  Hospital  for  Children,  etc.  Second 
Edition.  Svo,  228. 

By  the  same  Author. 

Clinical    Studies    of    Disease    in  Children. 

Second  Edition.    Post  Svo,  7s.  (5d. 

Also. 

The    Wasting     Diseases     of    Infants  and 

Children.    Fifth  Edition    Post  Svo,  Sa.  6d. 

The  Diseases  of  Children.   (Student's  Guide 

Series.)  By  Jas.  F.  Goodhart,  M.D.,  F.R.C.P.,  Physician  to  Guy's 
Hospital.   Fifth  Edition.  Fcap.  Svo,  10s.  6d. 

Manual  of  Diseases  of  Children,  for  Prac- 
titioners and  Students.  By  W.  H.  Day,  M.D.,  Physician  to  the 
Samaritan  Hospital.   Second  Edition.   Crown  Svo,  12s.  6d. 

On  the  Natural  and  Artificial  Methods  of  Feed- 
ing Infants  and  Young  Children.  By  EnMUNn  Cautley,  M.D., 
Physician  to  the  Belgrave  Hospital  for  Children.    Crown  Hvo,  Is.  lid. 

Materia    Medica,    Pharmacy,  Pharmacology, 

and  Therapeutics.  By  W.  Hale  White,  M.D.,  F.R.O.P.,  Physician 
to,  and  Lecturer  on  Pharmacology  and  Therapeutics  at,  Guy's 
Hospital.  Third  Edition,  based  upon  the  B.P.  of  1898.  Fcap.  Svo. 
78.  6d. 
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Materia  Medica  and  Therapeutics.   By  Charles 

D.  F.  Phillips,  M.D.,  LL.D.,  F.R.S.  Bdin. 
Vegetable  Kingdom — Organic  Compounds — Animal  Kingdom.   8vo,  256 . 
Inorganic  Substances.   Second  Edition.   8vo,  2l8. 

Practical    Pharmacy :    an    Account    of  the 

Methods  of  Manufacturing  and  Dispensing  Pharmaceutical  Prepara- 
tions ;  with  a  chapter  on  the  Analysis  of  Urine.  By  E.  W.  Lucas, 
F.C.S.,  Examiner  at  the  Pharmaceutical  Society.  With  283  Illustra- 
tions.   Koy.  8vo,  12s.  (ill. 

Galenic  Pharmacy :  a  Practical  Handbook  to 

the  Processes  of  the  British  Pharmacopoeia.  By  R.  A  Cripps,  M.P.S. 
8vo,  with  76  Engravings,  88.  6d. 

Practical  Pharmacy.    By  Barnard  S.  Proctor. 

Third  Edition.  8vo,  with  Engravings  and  Fac-simile  Prescriptions,  14s. 

The  Galenical   Preparations  of  the  British 

Pharmacopoeia ;  a  Handbook  for  Medical  and  Pharmaceutical  Students. 
By  0.  O.  Hawthorne,  M.B.,  CM.,  Lecturer  on  Materia  Medica  and 
Therapeutics,  Queen  Margaret's  College,  Glasgow.   8vo,  4s.  6d. 

Pereira's   Selecta    e   Prescriptis  :  containing 

Lists  of  Terms  used  in  Prescriptions,  with  Explan.itory  Notes,  etc. 
Also,  a  Series  of  Abbreviated  Prescriptions  with  Translations 
Eighteenth  Edition,  by  Joseph  Ince.   24mo,  bs. 

Pocket  Formulary  and  Synopsis  of  the  British 

and  Foreign  Pharmacopoeias.  By  Henry  Beaslet.  Eleventh 
Edition.   18mo,  6s.  6d. 

By  the  same  Author. 

Druggist's  General  Receipt-Book.  Tenth  Edition. 

18mo,  68.  6d. 

Also. 

Book  of  Prescriptions  :  containing  upwards  of 

3,000  Prescriptions  collected  from  the  Practice  of  the  most  eminent 
Physicians  and  Surgeons,  English  and  Foreign.  Seventh  Edition, 
18mo,  68.  6d. 

A  Companion  to  the  British  Pharmacopoeia. 

By  Peter  Squire,  Revised  by  his  Sons,  P.  W.  and  A.  H.  Squire. 
Sixteenth  Edition.   8vo,  12s.  6d. 

By  the  same  Authors. 

The  Pharmacopoeias  of  the  London  Hospitals, 

arranged  in  Groups  for  Easy  Reference  and  Comparison.  Sixth 
Edttion.   18mo,  68. 


7,  GREAT  MARLBOROUGH  STREET. 

8 


tf.  8f  A.  Churchill* 8  ttecent  Work%. 


Royle's    Manual    of    Materia    Medica  and 

Therapeutics.   Sixth  Edition,  including  additions  and  alteration 
in  the  B.P.  1885.   By  John  Harlky,  M.D.,  Physician  to  St.  Thomas's 
Hospital.    Crown  8vo,  with  139  Bngravings,  15s. 

Southall's  Organic  Materia  Medica,  being  a 

Handbook  treating  of  some  of  the  more  important  of  the  Animal  and 
Vegetable  Drugs  made  use  of  in  Medicine,  including  the  whole  of 
those  contained  in  the  British  Pharmacopoeia.  Fifth  and  Enlarged 
Edition,  by  John  Barclay,  B.Sc.Lond.,  some  time  Lecturer  on 
Materia  Medica  and  Pharmacy  in  Mason  Ccllege,  Birmingham. 
8vo,  6s. 

Recent  Materia  Medica  and  Drugs  occasion- 
ally Prescribed.  Notes  on  their  Origin  and  Therapeutics.  By  F. 
Harwood  Lescher,  F.C.S.,  Pereira  Medallist.  Fifth  Edition.  8vo,  is. 

Year-Book  of  Pharmacy:  containing  the  Trans- 
actions of  the  British  Pharmaceutical  Conference.  Annually.  8vo,  lOs. 

Manual  of  Botany,  in  two  Vols.,  crown  8vo. 

By  J.  Reynolds  Green,  Sc.D.,  M.A.,  F.li.S.,  Professor  of  Botany  to 
the  Pharmaceutical  Society. 

Vol.  I. :  Morphology  and  Anatomy,  with  788  Engravings.  Second 
Edition.   Is.  6d. 

Vol.  II.  :  Classification  and  Physiologj',  with  415  Bngravings,  10s. 

The  Student's  Guide  to  Systematic  Botany, 

including  the  Classification  of  Plants  and  Descriptive  Botany.  By 
HOBEKT  Bentley,  late  Emeritus  Professor  of  Botany  in  King's 
College  and  to  the  PTiarraaceutical  Society.  Fcap.  8vo,  with  350 
Engravings,  3b.  6d. 

Medicinal   Plants :   being  Descriptions  with 

original  figures,  of  the  Principal  Plants  employed  in  Medicine,  and 
an  account  of  their  Properties  and  Uses.  By  Prof.  Bentley  and  Dr. 
H.  Trimen,  F.K.S.  In  4  vols.,  large  8vo,  with  306  Coloured  Plates, 
bound  in  Half  Morocco,  Gilt  Edges,  £11  lis. 

Practical     Therapeutics :     a    Manual.  By 

Edward  J.  Waring,  C.I.E.,  M.D.,  F.K.C.P.,  and  Dudlky  W. 
Buxton,  M.D.,  B.S.  Lond.   Fourth  Edition.   Crown  8vo,  14s. 

By  the  same  Author. 

Bazaar  Medicines    of   India,  and  Common 

Medical  Plants.  With  Full  Index  of  Diseases,  indicating  their  Treat- 
ment by  these  and  other  Agents  procurable  throughout  India,  etc. 
Fifth  Edition.   Fcap.  8vo,  .58. 
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Climate  and  Fevers  of  India,  with  a  Series 

of   Cases  (Croonian   Lectures,   1882).    By   Sir  Joseph  Faykkk, 
K.C.S.I.,  M.D.   8vo,  with  17  Temperature  Charts,  12s. 
By  the  same  Author. 

The   Natural   History   and  Epidemiology  of 

Cholera :  being  the  Annual  Oration  of  the  Medical  Society  of  London, 
1888.    8vo,  33.  6d. 

Psilosis  or  "Sprue":  its  Nature  and  Treat- 
ment ;  witli  Observations  on  various  Forms  of  Diarrhoea  acquired  in 
the  Tropics.  By  George  Thin,  M.D.  Second  and  Enlarged  Edition, 
with  Illustrations.    8vo,  10s. 

A  Manual  of  Family  Medicine  and  Hygiene 

for  India.  Published  under  the  Authority  of  the  Government  of 
India.  By  Sir  William  J.  Moork,  K.C.I.B.,  M.D.,  late  Surgeon- 
General  with  the  Government  of  Bombay.  Sixth  Edition.  Post  8vo, 
with  71  Engravings,  12s. 

By  the  same  Author. 

A  Manual  of  the  Diseases  of  India  :  with  a 

Compendium  of  Diseases  generally.  Second  Edition.  Post  8vo, 
10s. 

The  Prevention  of  Disease  in  Tropical  and 

Sub-Tropical  Campaigns.  (Parkes  Memorial  Prize  for  1SS6.)  By 
Andrew  Duncan,  M.D.,  B.S.  Lond.,  F.R.C.S.,  Surgeon-Major,  Bengal 
Army.    8vo,  12s.  8d. 

A  Commentary  on  the  Diseases  of  India.  By 

Norman  Chevehs,  CLE.,  M.D.,  F.B.C.S.,  Deputy  Surgeon-General 
H.M.  Indian  Army.   8vo,  24s. 

Hooper's  Physicians'  Vade-Mecum  ;  a  Manual 

of  the  Principles  and  Practice  of  Physic.  Tenth  Edition.  By  W.  A. 
Guy,  F.R.C.P.,  F.R.S.,  and  J.  Haklev,  M.D.,  F.H.C.P.  With  118 
Engravings.   Fcap.  8vo,  12s.  6d. 

The    Principles    and    Practice  of  Medicine. 

(Te.xt-book.)  By  the  late  C.  Hilton  Fagge,  M.D.,  and  P.  H. 
Pyk-Smith,  M.D.,  F.R.S.,  F.R.C.P.,  Physician  to,  and  Lecturer  on 
Medicine  at,  Guy's  Hospital.  Third  Edition.  2  vols.  8vo,  cloth,  •10s. ; 
Half  Leather,  Ms. 

Manual   of  the    Practice  of  Medicine.  By 

Frederick  Taylor,  M.D.,  F.R.C.P.,  Physician  to,  and  Lecturer 
on  Medicine  at,  Guy's  Hospital.  Fourth  Edition.  Cr.  8vo,  with 
Engravings,  15g. 
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A    Dictionary    of   Practical    Medicine.  By 

various  writers.  Edited  by  Jas.  Kingston  Fowler,  M.A.,  M.D., 
F.K.O.P.,  Physician  to  Middlesex  Hospital  and  the  Hospital  for  Con- 
sumption.   8vo,  cloth,  21s. ;  half  calf,  258, 

The  Practice  of  Medicine.    (Student's  Guide 

Series.)  By  M.  Chakterib,  M.D.,  Professor  of  Therapeutics  and 
Materia  Medica  in  the  University  of  Glasgow.  Seventh  Edition. 
Fcap.  8vo,  with  Engravings  on  Copper  and  Wood,  10s. 

A  Text-Book  of  Bacteriology  for  Students  and 

Practitioners  of  Medicine.  By  G.  M.  Sternberg,  M.D.,  Surgeon- 
General,  U.S.  Army.  With  9  Plates  and  200  Figures  in  the  Text. 
8vo,  248. 

How  to  Examine    the    Chest :    a  Practical 

Guide  for  the  use  of  Students.  By  Samuel  West,  M.D.,  P.H.C.P. 
Assistant  Physician  to  St.  Bartholomew's  Hospital.  Second  Edition, 
With  Engravings.   Fcap.  8vo,  5s, 

An  Atlas  of  the  Pathological  Anatomy  of  the 

Lungs,  By  the  lata  Wilson  Fox,  M,D.,  F.K,S.,  F.R.C.P., 
Physician  to  H.M.  the  Queen.  With  45  Plates  (mostly  Coloured)  and 
Engravings.   4to,  half-bound  in  Calf,  70s, 

By  the  same  Author. 

A  Treatise  on  Diseases  of  the  Lungs  and 

Pleura.  Edited  by  Sidney  Coupland,  M.D.,  F.R.C.P.,  Physician  to 
Middlesex  Hospital.  Roy.  8vo,  with  Engravings ;  also  Portrait  and 
Memoir  of  the  Author,  36s. 

The  Student's  Guide  to  Diseases  of  the  Chest. 

By  Vincent  D,  Harris,  M.D.  Lond.,  F.R.CP,,  Physician  to  the  City 
of  London  Hospital  for  Diseases  of  the  Chest,  Victoria  Park.  Fcap. 
8vo,  with  55  Illustrations  (some  Coloured),  7s,  6d. 

The   Schott   Methods  of  the  Treatment  of 

Chronic  Diseases  of  the  Heart,  with  an  account  of  the  Nauheim  Baths, 
and  of  the  Therapeutic  Exercises.  By  W.  Bezly  Thorne,  M,D., 
M.R.C.P.   Second  Edition.   8vo,  with  Illustrations,  5s. 

Guy's  Hospital  Reports.    By  the  Medical  and 

Surgicjil  Staff,  Vol.  XXXVII.   Third  Series.   8vo,  lOs.  6d. 

St.  Thomas's  Hospital  Reports.  By  the  Medical 

and  Surgical  Staff.   Vol.  XXIV.   New  Series.   8vo,  83.  6d 

Westminster  Hospital  Reports.  By  the  Medical 

and  Surgical  Staff.   Vol.  X.   8vo,  Ss. 
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Medical  Diagnosis.    (Student's  Guide  Series.) 

By  Samuel  Fenwick,  M.D.,  F.R.C.P.,  and  W.  Soltau  Fenwick, 
M.D.,  B.S.    Eighth  Edition.   Crown  8vo,  with  135  Engravings,  9s. 
By  the  same  Authors. 

Outlines  of  Medical  Treatment.    Fourth  Edition. 

Crown  8vo,  with  35  Engravings,  10s. 

Also,  by  Dr.  Samuel  Fenwick. 

Clinical  Lectures  on  some  Obscure  Diseases 

of  the  Abdomen.  Delivered  at  the  London  Hospital.  8vo,  with 
Engravings,  Ts.  6d. 

And 

The  Saliva  as  a  Test  for  Functional  Diseases 

of  the  Liver.    Crown  8vo,  2s. 

The  Microscope  in  Medicine.    By  Lionel  S. 

Beale,  M.B.,  F.R.S.,  Consulting  Physician  to  King's  College  Hos- 
pital.  Fourth  Edition.  8vo,  with  86  plates,  21s. 

By  the  same  Author. 

The  Liver.   With  24  Plates  (85  Figures).    8vo,  5s. 

Also. 

On  Slight  Ailments  :  and  on  Treating  Disease. 

Fourth  Edition.   8vo,  5s. 

Myxcedema  and  the  Thyroid  Gland.    By  John 

D.  GilMLETTE,  M.R.C.S.,  L.R.C.P.    Crown  8vo.  5s. 

The  Blood :   how  to  Examine  and  Diagnose 

its  Diseases.  By  Alfred  C.  Coles,  M.D.,  B.Sc.  With  6  Coloured 
Plates.    8vo,  10s.  6d. 

The  Physiology  of  the  Carbohydrates ;  their 

Application  as  Food  and  Relation  to  Diabetes.  By  F.  W.  Pavy,  M.D., 
LL.D.,  F.R.S.,  F.R.C.P.,  Consulting  Physician  to  Guy  s  Hospital. 
Royal  8vo,  with  Plates  and  Engravings,  10s.  (id. 

Medical   Lectures   and   Essays.     By  Sir  G. 

Johnson,  M.D.,  F.R.C.P.,  F.R.S.,  Consulting  Physician  to  King's 
College  Hospitiil.   8vo,  with  4(5  Engravings,  25s. 

By  the  same  Author. 

An  Essay  on  Asphyxia  (Apncea).    Svo,  3s. 

Also. 

History    of   the   Cholera  Controversy,  with 

Directions  for  the  Treatment  of  the  Disease.   Svo,  3s. 
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Uric  Acid  as  a  Factor  in  the  Causation  of 

DiseaEe.  By  Alexander  Haig,  M.D.,  F.K.C.P.  Physician  to  the 
Metropolitan  Hospital  and  the  Eoyal  Hospital  for  Children  and 
Women.   Fourth  Edition.    8vo,  with  65  Illustrations,  128.  6d. 

Bronchial  Asthma  :  its  Pathology  and  Treat- 
ment. By  J.  B.  Berkaht,  M.D.,  late  Physician  to  the  City  of 
London  Hospital  for  Diseases  of  the  Chest.  Second  Edition,  with  7 
Plates  (35  Figures).   8vo,  lOs.  6d. 

Treatment  of  Some  of  the  Forms  of  Valvular 

Disease  of  the  Heart.  By  A.  B.  Sansom,  M.D.,  F.R.C.P.,  Physician 
to  the  London  Hospital.  Second  Edition.  Fcap.  8vo,  with  26  Engrav- 
ings, 4s.  6d. 

Medical  Ophthalmoscopy:  a  Manual  and  Atlas. 

By  Sir  William  R.  Qowkbs,  M.D.,  F.R.C.P.,  F.H.S.  Third  Edition. 
Edited  with  the  assistance  of  Marcus  Gunn,  M.B.,  F.E.C.S.,  Surgeon 
to  the  Royal  London  Ophthalmic  Hospital.  With  Coloured  Plates 
and  Woodcuts.   8vo,  IBs. 

By  the  same  Author. 

A  Manual  of  Diseases  of  the  Nervous  System. 
Vol.  I. — Spinal  Cord  and  Nerves.  Second 

Bdition.   Boy.  8vo,  with  179  Engravings,  15s. 

Vol.  II. — Brain  and  Cranial  Nerves  :  General 

and  Functional  Diseases  of  the  Nervous  System.  Second  Edition. 
Hoy.  8vo,  with  182  Engravings,  208. 

Also. 

Clinical  Lectures  on  Diseases  of  the  Nervous 

System.   8vo  7b.  6d. 

Also, 

Diagnosis  of  Diseases  of  the  Brain.  Second 

Edition.   8vo,  with  Engravings,  78.  6d. 

Also. 

Syphilis  and  the  Nervous  System :  being  a 

Revised  Reprint  of  the  Lettsominn  Lectures  for  1890.  Delivered  before 
the  Medical  Society  of  London.   8vo,  4s. 

The  Nervous  System,  Diseases  of    By  J.  A. 

OuMKRon,  M.D.,  F.R.C.P.,  Physician  to  the  National  Hospital  for  the 
Paralysed  and  Epileptic.   With  0«  Illustrations.   Fcap.  8vo,  Ss.  fld. 
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Text-Book  of  Nervous  Diseases  for  Students 

and  Practitioners  ol  Medicine.  By  Charles  L.  Dana,  M.D.,  Pro- 
fessor of  Nervous  and  Mental  Diseases  in  Bellevue  Hospital  Medical 
College,  New  York.  Fourth  Edition.  With  2ie  Illustrations.  8vo,  20s. 

Diseases  of  the  Nervous  System.  Lectures 

delivered  at  Guy's  Hospital.  By  Sir  Samuel  Wilks,  Bart.,  M.D., 
F.B.S.   Second  Edition.   8vo,  18s. 

Handbook  of  the  Diseases  of  the  Nervous 

System.  By  James  Boss,  M.D.,  F.R.C.P.,  late  Professor  of  Medicine 
in  the  Victoria  University,  and  Physician  to  the  Eoyal  Infirmary, 
Manchester.   Boy.  8vo,  with  184  Engravings,  18s. 

By  the  same  Author, 

Aphasia  :  being  a  Contribution  to  the  Subject 

of  the  Dissolution  of  Speech  from  Cerebral  Disease.  8vo,  with  En- 
gravings, 4s.  6d. 

Stammering  :    its    Causes,    Treatment,  and 

Cure.   By  A.  G.  Bernard,  M.R.C.S..  L.H.C.P.    Crown  8vo,  2s. 

Secondary  Degenerations  of  the  Spinal  Cord 

(Gulst«nian  Lectures,  1S89).  By  Howard  H.  Tooth.  M.D.,  F.E.C.P., 
Assistant  Physician  to  the  National  Hospital  for  the  Paralysed  and 
Epileptic.   With  Plates  and  Engravings.    Svo,  3s.  6d. 

Diseases  of  the  Nervous  System.  Clinical 

Lectures.  By  Thomas  Buzzard,  M.D.,  F.H.C.P.,  Physician  to  the 
National  Hospital  for  the  Paralysed  and  Epileptic.  With  Engravings. 
Svo,  15s. 

By  the  same  Author, 

Some   Forms  of  Paralysis  from  Peripheral 

Neuritis ;  of  Gouty,  Alcoholic,  Diphtheritic,  and  other  origin.  Crown 
Svo,  .5s. 

Also. 

On  the   Simulation  of  Hysteria  by  Organic 

Disease  of  the  Nervous  System.    Crown  Svo,  4s.  Cd. 

Gout  in  its  Clinical  Aspects.    By  J.  Mortimer 

Granville,  M.D.   Crown  Svo,  6s. 

Diseases  of  the   Liver :    with  and  without 

Jaundice.  By  George  Hajilev,  M.U.,  F.R.C.P.,  F.E.S.  Svo,  with  2 
Plates  and  .36  Engravings,  21s. 

Rheumatic  Diseases  (Differentiation  in).  By 

Hugh  Lane,  Surgeon  to  the  Royal  Mineral  Wat«r  Hospital,  Bath. 
Second  Edition,  much  Enlarged,  with  8  Plates.   Crown  Svo,  38.  6d. 
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Diseases  of  the  Abdomen,  comprising  those 

of  the  Stomach  and  other  parts  of  the  Alimentary  Canal,  ffisophagus, 
Caecum,  Intestines,  and  Peritoneum.  By  S.  0.  Habekshon,  M.D., 
F.H.C.P.   Fourth  Edition.   8vo,  with  5  Plates,  21s. 

On  Gallstones,   or  Cholelithiasis.     By  E.  M. 

Brockbank,  M.D.  Vict,  M.R.C.P.  Lond.,  late  Resident  Medical 
Officer  at  the  Manchester  Royal  Infirmary  and  the  Birmingham 
General  Hospital.    Crown  8vo,  7s. 

On  the  Relief  of  Excessive  and  Dangerous 

Tympanites  by  puncturing  the  Abdomen.  By  Johk  W.  Ogle,  M.D., 
Consulting  Physician  to  St.  George's  Hospital.    8vo,  5s.  6d. 

Headaches  :  their  Nature,  Causes,  and  Treat- 
ment. By  W.  H.  DAy,  M.D.,  Physician  to  the  Samaritan  Hospital. 
Fourth  Edition.   Crown  8vo,  with  Engravings,  7s.  6d. 

A  Handbook  of  Medical  Climatology,  embody- 
ing its  Principles  and  Therapeutic  Application,  with  Scientific  Data 
of  the  chief  Health  Resorts  of  the  World.  By  S.  Edwin  Solly,  M.D., 
M.R.C.S.,  late  President  of  the  American  Climatological  Association. 
With  Engravings  and  Coloured  Plates.    8vo,  16s. 

The    Mineral    Waters  of   France,    and  its 

Wintering  Stations  (Medical  Guide  to).  With  a  Special  Map.  By  A. 
ViNTRAS,  M.D.,  Physician  to  the  French  Embassy,  and  to  the  French 
Hospital,  London.    Second  Edition.    Crown  8vo,  8s. 

Health  Resorts  of  the  Canary  Islands  in  their 

Climatological  and  Medical  Aspects.  By  J.  Clkasby  Taylor,  M.D., 
M.R.C.S.   8vo,  33.  6d. 

Surgery:  its  Theory  and  Practice.   By  William 

J.  Walsham,  F.R.C.S.,  Senior  Assistant  Surgeon  to,  and  Lecturer 
on  Anatomy  at,  St.  Bartholomew's  Hospital.  Sixth  Edition.  Crown 
8vo,  with  410  Engravings,  12s.  6d. 

Surgical    Emergencies  :    together    with  the 

Emergencies  attendant  on  Parturition  and  the  Treatment  of  Poison- 
ing. By  Paul  Swain,  F.R.C.S.,  Surgeon  to  the  South  Devon 
and  East  Cornwall  Hospital.  Fifth  Edition.  Crown  8vo,  with  149 
Engravings,  6s. 

Illustrated  Ambulance  Lectures  :  (to  which  is 

added  a  Nursing  Lecture)  in  accordance  with  tlie  Regulations  of  the 
St.  John's  Ambulance  Association  for  Male  and  Female  Classes.  By 
John  M.  H.  Martin,  M.D.,  F.R.C.S.,  Hon.  Surgeon  to  the  Blackburn 
Infirmary.   Fourth  Edition.    Crown  8vo,  with  60  Engravings,  2s. 
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Operations  on  the  Brain  (a  Guide  to).  By 

Alkc  Fkaser,  Professor  of  Anatomy,  Eoyal  College  of  SurgeonB 
in  Ireland.    Illustrated  by  42  life-size  Plates  in  Autotype,  and  2 

Woodcuts  in  the  text.    Folio,  63s. 

Abdominal  Surgery.    By  J.  Greig  Smith,  M.A., 

F.K.S.E.  Sixth  Edition.  Edited  by  James  Swain,  M.S.,  M.D.  Lond., 
F.R.C.S.  Eng.,  Assistant-Surgeon  to  the  Bristol  Hoyal  Infirmary 
Professor  of  Surgery,  University  College,  Bristol.  2  vols.,  8vo,  with 
224  Engravings,  36s. 

The   Physiology   of   Death   from  Traumatic 

Fever;  a  Study  in  Abdominal  Surgery.  By  John  D.  Malcolm, 
M.B.,  CM.,  F.R.C.S. B.,  Surgeon  to  the  Samaritan  Free  Hospital. 
8vo,  3s.  6d. 

The  Surgery  of  the  Alimentary  Canal.  By 

ALrRKi)  Ernk.st  Maylabd,  M.B.  Lond.  and  B.S.,  Surgeon  to  the 
Victoria  Infirmary,  Glasgow.  With  27  Swantype  Plates  and  89 
Figures  in  the  Text,  8vo,  25s. 

Surgery.    By  C.  W.  Mansell  Moullin,  M.A., 

M.D.  Oxon.,  F.B.C.S.,  Surgeon  and  Lecturer  on  Physiology  to  the 
London  Hospital.   Large  8vo,  with  497  Engravings,  34s. 

A  Course  of  Operative  Surgery,     By  Chris- 

TOPHBR  Heath,  Surgeon  to  University  College  Hospital.  Second 
Edition.   With  20  Coloured  Plates  (180  figures)  from  Nature,  by 
M.  Lj^teill^,  and  several  Woodcuts.   Large  8vo,  308. 
By  the  same  Author. 

The  Student's  Guide  to  Surgical  Diagnosis. 

Second  Edition.   Fcap.  8vo,  6s.  6d. 

Also. 

Manual  of  Minor  Surgery  and  Bandaging.  For 

the  use  of  House-Surgeons,  Dressers,  and  Junior  Practitioners. 
Eleventh  Edition.   Fcap.  8vo,  with  176  Engravings,  Bs. 

Also. 

Injuries   and  Diseases  of  the  Jaws.  Fourth 

Edition.  Edited  by  Hknry  Percy  Dean,  M.S.,  F.R.C.S.,  Assistant 
Surgeon  to  the  London  Hospital.   Svo,  with  187  Wood  Engravings,  148. 

Also. 

Lectures  on  Certain   Diseases  of  the  Jaws. 

Delivered  at  the  R.C.S.,  England,  1887.  8vo,  with  64  Engravings, 
2s.  6d.  Also. 

Clinical  Lectures  on  Surgical  Subjects.  De- 
livered in  University  College  Hospital.  Second  Edition,  enlarged. 
Fcap.  Svo,  with  27  Engravings,  68. 


7,  GREAT  MARLBOROUGH  STREET, 

J6 


J.  8f  A.  Churchill's  Recent  Works. 


The   Practice  of    Surgery  :   a  Manual.  By 

Thomas  Bhyant,  Consulting  Surgeon  to  Guy's  Hospital.  Fourth 
Edition.  2  vols,  crown  8vo,  with  750  Engravings  (many  being 
Coloured),  and  including  6  chromo  plates,  32s. 

The   Surgeon's  Vade-Mecum  :  a  Manual  of 

Modern  Surgery.  By  R.  Druitt,  F.R.C.S.  Twelfth  Edition.  By 
Stanley  Boyd,  M.B.,  F.R.C.S.,  Assistant  Surgeon  and  Pathologist 
to  Charing  Cross  Hospital.    Crown  8vo,  with  373  Engravings,  16s. 

The  Operations  of  Surgery  :  intended  for  use 

on  the  Dead  and  Living  Subject  alike.  By  W.  H.  A.  Jacobson, 
M.A.,  M.B.,  M.Ch.  Oxon.,  F.R.C.S.,  Assistant  Surgeon  to,  and 
Lecturer  on  Anatomy  at,  Guy's  Hospital.  Third  Edition.  8vo,  with 
401  Illustrations,  3-ls. 

Ovariotomy  and  Abdominal   Surgery.  By 

Harrison  Cripps,  F.R.C.S.,  Surgical  Staff,  St.  Bartholomew's 
Hospital.    With  numerous  Plates,  royal  8vo,  25s. 

Diseases  of  Bones  and  Joints.    By  Charles 

Macnamara,  F.R.C.S.,  Surgeon  to,  and  Lecturer  on  Surgery  at,  the 
Westminster  Hospital.  8vo,  with  Plates  and  Engravings,  12s. 

On  Anchylosis.    By  Bernard  E.  Brodhurst, 

F.R.C.S.,  Surgeon  to  the  Royal  Orthopaxiic  Hospital.  Fourth 
Edition.   8vo,  with  Engravings,  58. 

By  the  same  Author. 

Curvatures  and  Disease  of  the  Spine.  Fourth 

Edition.   8vo,  with  Engravings,  78.  6d. 

Also. 

Talipes   Equino- Varus   or  Club -Foot.  8vo, 

with  Engravings,  3s.  6d. 

Also. 

Observations  on  Congenital  Dislocation  of  the 

Hip.    Third  Edition.    8vo,  28.  (id. 

Surgical    Pathology  and    Morbid  Anatomy. 

By  Akthony  a.  Bowlby,  F.R.C.S.,  Assistant  Surgeon  to  St. 
Bartholomew's  Hospital.  Third  Edition.  Crown  8vo,  with  183 
Engravings,  10s.  6d. 

By  the  same  Author. 

Injuries  and  Diseases  of  Nerves,  and  their 

Surgical  Treatment.   8vo,  with  20  PlatcB,  148. 
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The  Human  Foot :   its  Form  and  Structure, 

Functions  and  Clothing.  By  Thomas  S.  Kllis,  Consulting  Surgeon 
to  the  Gloucester  Infirmary.  With  7  Plates  and  Engravings  (50 
Figures).    8vo,  7s.  6d. 

The  Deformities  of  the  Fingers  and  Toes.  By 

William  Anderson,  F.E.C.S.,  Surgeon  to  St.  Thomas's  Hospital. 
8vo,  with  18  engravings,  6s. 

Short  Manual  of  Orthopaedy.     By  Heather 

Bigg,  F.R. C.S.Ed.,  Part  I.  Deformities  and  Deficiencies  of  the 
Head  and  Neck.   8vo,  2s.  6d. 

Face   and   Foot  Deformities.     By  Frederick 

Churchill,  CM.  8vo,  with  Plates  and  Illustrations,  lOs.  6d. 

Royal  London  Ophthalmic  Hospital  Reports. 

By  the  Medical  and  Surgical  Staff.   Vol.  XIV.,  Part  2.   Svo,  5s. 

Ophthalmological  Society  of  the  United  King- 
dom. Transactions.   Vol.  XVI.  8vo,  12s.  6d. 

The  Diseases  and  Injuries  of  the  Eye.  By 

W.  H.  H.  Jessop,  M.A.,  P.R.C.S. ,  Ophthalmic  Surgeon  to  St.  Bartholo- 
mew's Hospital.   With  Engravings.  [In  the  Press. 

Nettleship's  Diseases  of  the  Eye,  Sixth  Edition. 

Revised  and  Edited  by  W.  T.  Holmes  Spicer,  M.B.,  F.R.C.S.,  Oph- 
thalmic Surgeon  to  the  Metropolitan  Hospital  and  the  Victoria 
Hospital  for  Children.  With  161  Engravings  and  a  Coloired  Plate 
illustrating  Colour-Blindness.   Crown  Svo,  8s.  6d. 

Diseases   and    Refraction   of  the  Eye.  By 

N.  C.  Macnamara,  F.R.C.S.,  Surgeon  to  Westminster  Hospital,  and 
GuSTAVUS  Hartridge,  F.R.C.S.,  Surgeon  to  the  Royal  Westminster 
Ophthalmic  Hospital.  Fifth  Edition.  Crown  Svo,  with  Plate,  156 
Engravings,  also  Test-types,  10s.  6d. 

On  Diseases  and  Injuries  of  the  Eye:  a  Course 

of  Systematic  and  Clinical  Lectures  to  Students  and  Medical 
Practitioners.  By  J.  R.  Wolfe,  M.D.,  F.R.C.S.B.  With  10  Coloured 
Plates  and  157  Wood  Engravings.   8vo,  2l8. 

Convergent    Strabismus,  and  its  Treatment, 

an  Essay.  By  Edwin  IIolthouse,  M.A.,  F.R.C.S.,  Surgeon  to  the 
Western  Ophthalmic  Hospital.   Svo,  6s. 
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Normal   and  Pathological  Histology  of  the 

Human  Bye  aud  Byolids.  By  C.  Fkkd.  Pollock,  M.D.,  F.H.C.S., 
and  F.K.S.B.,  Surgeon  for  Diseases  of  the  Bye  to  Anderson's  College 
Dispensary,  (rlasgow.   Crown  8vo,  with  100  Plates  (230  drawings),  ISs. 

Atlas  of  Ophthalmoscopy.    Composed  of  12 

Chromo-lithographic  Plates  (59  Figures  drawn  from  nature)  and 
Explanatory  Text.  By  Eichard  Liebreich,  M.E.C.S.  Translated  by 
H.  EosBORouGH  SwANZY,  M.B.   Third  Edition,  4to,  40s. 

Refraction  of  the  Eye :  a  Manual  for  Students. 

By  GusTAVUS  Hartridse,  F.E.C.S.,  Surgeon  to  the  Eoyal  West- 
minster Ophthalmic  Hospital.  Ninth  Edition.  Crown  8vo,  with 
104  Illustrations,  also  Test-types,  etc.,  6s. 

By  the  same  Author. 

The  Ophthalmoscope  :  a  Manual  for  Students. 

Third  Edition.   Crown  8vo,  with  68  Illustrations  and  4  Plates,  4s.  6d. 

Glaucoma  :  its  Pathology  and  Treatment.  By 

Priestley  Smith,  Ophthalmic  Surgeon  to  the  Queen's  Hospital, 
Birmingham.  8vo,  with  64  Engravings  and  12  Zinco-photographs. 
7s.  6d. 

Hints  on  Ophthalmic  Out-Patient  Practice. 

By  Charles  Hiqgens,  Ophthalmic  Surgeon  to  Guy's  Hospital. 
Third  Edition.    Fcap.  8vo,  3s. 

Methods    of    Operating   for    Cataract  and 

Secondary  Impairments  of  Vision,  with  the  results  of  500  cases. 
By  G.  H.  Fink,  Surgeon-Captain  in  H.M.  Indian  Medical  Service. 
Crown  8vo,  with  15  Engravings,  58. 

Diseases  of  the  Eye :  a  Practical  Handbook 

for  General  Practitioners  and  Students.  By  Cecil  Edward  Shaw, 
M.D.,  M.Ch.,  Ophthalmic  Surgeon  to  the  Ulster  Hospital  for  Children 
and  Women,  Belfast.  With  a  Test-Card  for  Colour-Blindness.  Crown 
8vo,  38.  6d. 

Eyestrain  (commonly  called  Asthenopia).  By 

Ernest  Clarke,  M.D.,  B.S.  Lond.,  Surgeon  to  the  Central  London 
Ophthalmic  Hospital,  Surgeon  and  Ophthalmic  Surgeon  to  the 
Miller  Hospital.   Second  Edition.   8vo,  with  23  Illustrations,  5b. 
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Diseases  and   Injuries  of  the  Ear.     By  Sir 

William  B.  Dalby,  F.R.C.S.,  M.B.,  Consulting  Aural  Surgeon  to 
St.  George's  Hospital.  Fourth  Kdition.  Crown  8vo,  with  8  Coloured 
Plates  and  38  Wood  Engravings.   10s.  6d. 

By  the  same  Author. 

Short  Contributions  to  Aural  Surgery,  between 

1875  and  1890.    Third  Edition.   8vo,  with  Engravings,  .5b. 

Diseases  of  the  Ear,  including  the  Anatomy 

and  Physiology  of  the  Organ,  together  with  the  Treatment  of  the 
Affections  of  the  Nose  and  Pharynx,  which  conduce  to  Aural  Disease 
(a  Treatise).  By  T.  Mark  Hovell,  P.R.C.S.B.,  M.R.C.S.  ;  Aural 
Surgeon  to  the  London  Hospital,  and  Lecturer  on  Diseases  of  the 
Throat  in  the  College,  etc.    8vo,  with  122  Engravings,  18s. 

A  System  of  Dental  Surgery.    By  Sir  John 

Tomes,  P.R.S.,  and  C.  S.  Tomes,  M.A.,  F.R.S.  Fourth  Kdition.  8vo, 
with  289  Engravings,  lUs. 

Dental  Anatomy,  Human  and  Comparative : 

A  Manual.  By  Charles  S.  Tomes,  M.A.,  F.R.S.  Fifth  Edition. 
Crown  8vo,  with  2().3  Engravings,  14s. 

Dental   Materia   Medica,  Pharmacology  and 

Therapeutics.  By  Charles  W.  Glassington,  M.E.C.S.,  L.D.S. 
Edin.;  Senior  Dental  Surgeon,  Westminster  Hospital;  Dental  Sur- 
geon, National  Dental  Hospital,  and  Lecturer  on  Dental  Materia 
Medica  and  Therapeutics  to  the  College.   Crown  8vo,  6s. 

A  Manual  of  Dental  Metallurgy.    By  Ernest 

A.  Smith,  F.I.C.,  Assistant  Instructor  in  Metallurgy,  Royal  College 
of  Science,  London.    With  37  Illustrations,  crown  8vo,  6s.  tid. 

A    Manual    of   Nitrous    Oxide  Anaesthesia. 

By  J.  Frederick  W.  Silk,  M.D.  Lond.,  M.R.C.S.,  Assistant 
Ana;sthetist  to  Guy's  Hospital,  Anesthetist  to  the  Dental  School  of 
Guy's  Hospital,  and  to  the  Royal  Free  Hospital.  8vo,  with  26  En- 
gravings, .5s. 

Practical  Treatise  on  Mechanical  Dentistry. 

By  Joseph  Richardson,  M.D.,  D.D.S.  Seventh  Edition,  revised  and 

edited  by  George  W.  Warren,  D.D.S.  Royal  8vo,  with  600  Engrav- 
ings, 22s. 

Leprosy  in  British  Guiana.  By  John  D.  Hillis, 

F.R.C.S.,  M.R.I. A.,  late  Medical  Superintendent  of  the  Leper 
Asylum,  British  Guiana.  Imp.  8vo,  with  22  Lithographic  Coloured 
Plates  and  Wood  Engravings,  £1  lis.  6<1. 
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A  Handbook  on  Leprosy.    By  S.  P.  Impey, 

M.D.,  M.C.,  late  Chief  and  Medical  Superintendent,  Itobben  Island 
Leper  and  Lunatic  Asylums,  Cape  Colony,  South  Africa.  With  38 
Plates  and  Map,  8vo,  12s. 

Diseases  of  the  Skin    (Introduction  to  the 

study  of).  By  P.  H.  Pvk-Smith,  M.D.,  F.R.S.,  F.R.C.P.,  Physician 
to  Guy's  Hospital.    Crown  8vo,  with  26  Engravings,  Ts.  6d. 

Diseases  of  the  Skin  :  a  Practical  Treatise  for 

the  Use  of  Students  and  Practitioners.  By  J.  N.  Hydk,  A.M., 
M.D.,  Professor  of  Skin  and  Venereal  Diseases,  Bush  Medical  College, 
Chicago.  Second  Edition.  8vo,  with  2  Coloured  Plates  and  96  En- 
gravings, 20s. 

Skin  Diseases  of  Children.    By  Geo.  H.  Fox, 

M.D.,  Clinical  Professor  of  Diseases  of  the  Skin,  College  of  Physicians 
and  Surgeons,  New  York.  With  12  Photogravure  and  Chroraographic 
Plates  and  60  Illustrations  in  the  Text.    Koyal  8vo,  12s.  6d. 

Sarcoma   and   Carcinoma  :  their  Pathology, 

Diagnosis,  and  Treatment.   By  Henry  T.  Butlin,  F.H.C.S.,  Assistant 
Surgeon  to  St.  Bartholomew's  Hospital.   8vo,  with  4  Plates,  88. 
By  the  same  Author. 

Malignant  Disease  of  the  Larynx  CSarcoma 

and  Carcinoma).   8vo,  with  5  Engravings,  53. 

Also. 

Operative  Surgery  of  Malignant  Disease.  8vo,14s. 
Cancers  and  the  Cancer  Process :  a  Treatise, 

Practical  and  Theoretic.  By  Hehbert  L.  Snow,  M.D.,  Surgeon  to 
the  Cancer  Hospital,  Brompton.   8vo,  with  15  Plates.  15s. 

By  the  same  Author, 

The   Re-appearance  (Recurrence)  of  Cancer 

after  apparent  Extirpation.   8vo,  5s.  6d. 

Also. 

The  Palliative  Treatment  of  Incurable  Cancer. 

Crown  8vo,  23.  6d. 

Diagnosis   and   Treatment   of  Syphilis.  By 

Tom  Robinson,  M.D.  St.  And.,  Physician  to  the  Western  Skin  Hos- 
pital.   Crown  8vo,  3s.  6d. 

By  the  same  Author, 

Eczema:  its  Etiology,  Pathology,  and  Treat- 
ment. Crown  8vo,  3b.  6d. 

Also, 

Illustrations   of  Diseases   of  the   Skin  and 

Syphilis,  with  Remarks.    Fasc.  I.  with  3  Plat«s.    Imp.  4to,  5b. 
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Cancerous  Affections  of  the  Skin  (Epithelioma 

and  Rodent  Ulcer).  By  George  Thin,  M.D.  Post  8vo,  with  8  Engrav- 
ings, 5s.  gg^g  Author: 

Pathology    and    Treatment    of  Ringworm. 

8vo,  with  21  Bngravings,  Ss. 

On  Cancer  :  its  Allies,  and  other  Tumours : 

their  Medical  and  Surgical  Treatment.  By  F.  A.  Pukceu.,  M.D., 
M.C.,  Surgeon  to  the  Cancer  Hospital,  Brorapton.  8vo,  with  21 
Bngravings,  10s.  6d. 

Urinary  and  Renal  Derangements  and  Calcu- 
lous Disorders.  By  Lionel  S.  Beale,  F.R.C.P.,  F.B.S.,  Physician  to 
King's  College  Hospital.  8vo,  5s. 

Chemistry  of  Urine  :  a  Practical  Guide  to  the 

Analytical  Examination  of  Diabetic,  Albuminous,  and  Gouty  Urine. 
By  Alfued  H.  Allen,  F.I.C.,  F.C.S.,  Public  Analyst  for  the  West 
Hiding  of  Yorkshire,  &c.    8vo,  with  Bngravings,  7s.  6d. 

Clinical  Chemistry  of  Urine  (Outlines  of  the). 

By  C.  A.  MacMunn,  M.A.,  M.D.  8vo,  with  64  Bngravings  and  Plate 
of  Spectra,  9s. 

Diseases  of  the  Male  Organs  of  Generation. 

By  W.  H.  A.  Jacobson,  M.Ch.Oxon.,  F.R.C.S.,  Assistant-Surgeon  to 
Guy's  Hospital.   8vo,  with  88  Bngravings,  22s. 

Atlas  of  Electric  Cystoscopy.     By  Dr.  Emil 

BUHCKHAKDT,  late  of  the  Surgical  Clinique  of  the  University  of 
Bale,  and  B.  Huhry  Fenwick,  F.R.C.S.,  Surgeon  to  the  London 
Hospital  and  St.  Peter's  Hospital  for  Stone.  Royal  8vo,  with  34 
Coloured  Plates,  embracing  83  Figures.  21s. 

Electric    Illumination   of  the    Bladder  and 

Urethra,  as  a  Means  of  Diagnosis  of  Obscure  Vesico-Urethral  Diseases. 
By  E.  HuKRY  Fknwick,  F.R.C.S.,  Surgeon  to  London  Hospital  and 
St.  Peter's  Hospital  for  Stone.  Second  Edition.  8vo,  with  54  En- 
gravings, 63  6d. 

By  the  Same  Author. 

Tumours  of  the  Urinary  Bladder.    The  Jack- 

sonian  Prize  Essay  of  1887,  rewritten  with  200  additional  cases.  In 
four  Fasciculi.   Fas.  I.   lloyal  S\o,  5s. 

Also. 

The  Cardinal  Symptoms  of  Urinary  Disease  : 

their  Diagnostic  Significance  and  Treatment.  8vo,  with  38  Illustra- 
tions, 8s.  6d. 


7,  GREAT  MARLBOROUGH  STREET. 

22 


J.  8f  A.  Churchill's  Recent  Works. 


By  SIR  HENRY  THOMPSON,  F.R.C.S. 

Diseases    of  the    Urinary   Organs.  Clinical 

Lectures.   Eighth  Edition.   8vo,  with  121  Engravings,  10s.  6d. 

Some  Important  Points  connected  with  the 

Surgery  of  the  Urinary  Organs.  Lectures  delivered  in  the  R.C.S. 
8vo,  with  44  Engravings.   Student's  Edition,  2s.  6d. 

Practical  Lithotomy  and  Lithotrity ;    or,  an 

Inquiry  into  the  Best  Modes  of  Hemoving  Stone  from  the  Bladder. 
Third  Edition.  8vo,  with  87  Engravings,  10s. 

The  Preventive  Treatment  of  Calculous  Dis- 
ease, and  the  Use  of  Solvent  Remedies.  Third  Edition.  Cr.  8vo,  2s.  6d. 

Tumours  of  the  Bladder :  their  Nature,  Sym- 
ptoms, and  Surgical  Treatment.  Svo,  with  numerous  Illustrations,  58. 

Stricture  of  the  Urethra,  and  Urinary  Fistulae  : 

their  Pathology  and  Treatment.  Fourth  Edition.  Svo,  with  74  En- 
gravings, 6s. 

The   Suprapubic   Operation   of  Opening  the 

Bladder  for  Stone  and  for  Tumours.    8vo,  with  Engravings,  3s.  fid. 

Introduction  to  the  Catalogue ;  being  Notes 

of  1,000  Cases  of  Calculi  of  the  Bladder  removed  by  the  Author,  and 
now  in  the  Museum  of  E.C.S.  Svo,  28.6d. 


The  Surgical  Diseases  of  the  Genito-Urinary 

Organs,  including  Syphilis.  By  B.  L.  Keybs,  M.D.,  Professor  of 
Genito-Urinary  Surgery,  Syphiology,  and  Dermatology  in  Bellevue 
Hospital  Medical  College,  New  York  (a  revision  of  Van  Buben  and 
Keyes'  Text-book).   Roy.  Svo,  with  114  Engravings,  21s. 

Lectures   on   the  Surgical  Disorders  of  the 

Urinary  Organs.  By  Reoinald  Habkison,  F.R.C.S.,  Surgeon  to  St. 
Peter's  Hospital.   Fourth  Edition.   8vo,  with  156  Engravings,  16s. 

Syphilis.    By  Alfred  Cooper,  F.R.C.S.,  Senior 

Surgeon  to  St.  Mark's  Hospital  for  Fistula.  Second  Edition.  Edited 
by  Bdwabd  Cottebell,  F.R.C.S.,  Surgeon  (out-patients)  to  the 
London  Look  Hospital.  Svo,  with  34  Full-page  Plates  (12  coloured), 
18b. 
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On  Maternal  Syphilis,  including  the  presence 

and  recognition  of  Syphilitic  Pelvic  Disease  in  Women.  By  John 
A.  Shaw-Mackenzie,  M.D.  With  Coloured  Plates.  8vo,  10b.  6d. 

Diseases  of  the  Rectum  and  Anus.    By  Alfred 

CooPKR,  F.R.C.S.,  Senior  Surgeon  to  St.  Mark's  Hospital  for 
Fistula;  and  F.  Swinford  Kdwahds,  F.B.C.S.,  Senior  Assistant 
Surgeon  to  St.  Mark's  Hospital.  Second  Edition,  wth  Illustrations. 
8vo,  128. 

Diseases    of  the    Rectum    and    Anus.  By 

Harbison  Cripps,  F.K.C.S.,  Assistant  Surgeon  to  St.  Bartholomew's 
Hospital,  etc.  Second  Edition.  8vo,  with  13  Lithographic  Plates  and 
numerous  Wood  Engravings,  128.  6d. 

By  the  same  Author. 

Cancer  of  the  Rectum.  Especially  considered 

with  regard  to  its  Surgical  Treatment.  Jacksonian  Prize  Essay. 
Third  Edition.   8vo,  with  13  Plates  and  several  Wood  Engravings,  6s 

Also 

The    Passage  of   Air  and  Faeces  from  the 

Urethra.    8vo,  3s.  tid. 

A  Medical  Vocabulary  :  an  Explanation  of  all 

Terms  and  Phrases  used  in  the  various  Departments  of  Medical  Science 
and  Practice,  their  Derivation,  Meaning,  Application,  and  Pronuncia- 
tion. By  R.  G.  Mayne,  M.D.,  LL.D.  Sixth  Edition,  by  W.  W. 
Wagstaffe,  B.A.,  P.R.C.S.   Crown  8vo,  10s.  6d. 

A  Short  Dictionary  of  Medical  Terms.  Being 

an  Abridgment  of  Mayne's  Vocabulary.   64mo,  28.  6d. 

Dunglison's  Dictionary  of  Medical  Science. 

Containing  a  full  Explanation  of  its  various  Subjects  and  Terms, 
with  their  Pronunciation,  Accentuation,  and  Derivation.  Twenty- 
first  Edition.  By  Richard  J.  Dunglison,  A.M.,  M.D.  Royal 8vo,  30s. 

Terminologia  Medica  Polyglotta  :  a  Concise 

International  Dictionary  of  Medical  Terms  (French,  Latin,  English, 
German,  Italian,  Spanish,  and  Russian).  By  Theodore  Maxweu., 
M.D.,  B.Sc,  F.R.C.S.  Edin.   Royal  8vo,  IBs. 

A    German- English    Dictionary    of  Medical 

Terms.  By  Frederick  Treves,  F.R.C.S.,  Surgeon  to  the  London 
Hospital ;  and  Hugo  Lang,  B.A.   Crown  8vo,  half-Persian  calf,  128. 
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A  Manual  of  Chemistry,  Theoretical  and  Prac- 
tical. By  William  A.  Tilden,  D.Sc,  F.R.S.,  Professor  of  Chemistry 
in  the  Koyal  College  of  Science,  London  ;  Examiner  in  Chemistry  to 
the  Department  of  Science  and  Art.  With  2  Plates  and  143  Woodcuts, 
crown  Svo,  10s. 

Chemistry,  Inorganic  and  Organic.  With  Ex- 
periments. By  Charles  L.  Bloxam.  Eighth  Edition,  by  John 
Millar  Thomson,  F.R.S.,  Professor  of  Chemistry  in  King's  College, 
London,  and  Arthur  G.  Bloxam,  Head  of  the  Chemistry  Depart- 
ment, the  Goldsmiths'  Institute,  New  Cross.  Svo,  with  281  Engrav- 
ings, 18s.  6d. 

By  the  same  Author, 

Laboratory  Teaching ;  or,  Progressive  Exer- 
cises in  Practical  Chemistry.  Sixth  Edition,  by  Arthur  G.  Bloxam. 
Crown  8vo,  with  80  Engravings,  6b.  6d. 

Watts'  Organic  Chemistry.   Edited  by  William 

A.  TiLDEN,  D.Sc,  F.B.S.,  Professor  of  Chemistry,  Royal  College  of 
Science,  London.   Second  Edition.   Crown  8vo,  10s. 

Practical  Chemistry,  and  Qualitative  Analysis. 

By  Frank  Clowes,  D.Sc.  Lond.,  Professor  of  Chemistry  in  the 
University  College,  Nottingham.  Sixth  Edition.  Post  Svo,  with  84 
Engravings  and  Frontispiece,  8s.  6d. 

Quantitative   Analysis.     By    Frank  Clowes. 

D.Sc.  Lond.,  late  Professor  of  Chemistry  in  the  University  College, 
Nottingham,  and  J.  Bernard  Coleman,  Assoc.  R.  C.  Sci.  Dublin; 
Professor  of  Chemistry,  South-West  London  Polytechnic.  Fourth 
Edition.    Post  8vo,  with  117  Engravings,  lOs. 

By  the  same  Authors. 

Elementary  Practical  Chemistry  and  Qualita- 
tive Analysis.   With  .54  Engravings,  Post  Svo,  3s.  6d. 

Also 

Elementary  Quantitative   Analysis.     With  62 

Engravings,  Post  Svo,  4s.  Bd. 

Qualitative  Analysis.  By  R.  Fresenius.  Trans- 
lated by  Charles  E.  Groves,  F.R.S.  Tenth  Edition.  Svo,  with 
Coloured  Plate  of  Spectra  and  48  Engravings,  158. 

By  the  same  Author. 

Quantitative  Analysis.    Seventh  Edition. 

Vol.   I.,  Translated  by  A.  Vacher.    8vo,  with 

106  Engravings,  1.53. 

Vol.  II.,  Parts  1  to  5,  Translated  by  C.  E.  Groves, 

F.R.S.   Svo,  with  Engravings,  28.  6d.  each. 
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Inorganic  Chemistry.    By  Sir  Edward  Frank- 

lAND,  K.C.B.,  D.C.L.,  LL.D.,  F.R.S.,  and  Francis  H.  Japp,  M.A., 
Ph.D.,  F.I.C.,  F.R.S.,  Professor  of  Chemistry  in  the  University  of 
Aberdeen.  8vo,  with  numerous  Illustrations  on  Stone  and  Wood,  24s. 

Inorganic    Chemistry    (A    System    of).  By 

William  Kamsay,  Ph.D.,  F.H.S.,  Professor  of  Chemistry  in  the 
University  College,  London.   8vo,  with  Engravings,  158. 

By  the  same  Author. 

Elementary  Systematic  Chemistry  for  the  Use 

of  Schools  and  Colleges.  With  Engravings.  Crown  8vo,  48.  6d. ; 
Interleaved,  !)s.  6d. 

Valentin's  Practical  Chemistry  and  Qualitative 

and  Quantitative  Analysis.    Edited  by  Dr.  W.  R.  Hodoklnson, 
F.R.S.E.,  Professor  of  Chemistry  and  Physics  at  the  Royal  Military 
Academy,  and  Artillery  College,  Woolwich.  Ninth  Edition.  8vo,  with 
-    Engravings  and  Map  of  Spectra.   9s.  (The  Tables  separately,  2s.  t'd.) 

Practical  Chemistry,  Part  I.  Qualitative  Exer- 
cises and  Analytical  Tables  for  Students.  By  J.  Campdbll  Browx, 
Professor  of  Chemistry  in  Victoria  University  and  University  College, 
Liverpool.    Fourth  Edition.   8vo,  2s.  6d. 

The  Analyst's  Laboratory  Companion  :  a  Col- 
lection of  Tables  and  Data  for  Chemists  anil  Students.    By  Alfred 

E.  Johnson,  A. R. C.S.I. ,  F.I. C.  Second  Edition.  Crown. 8vo,  cloth, 
5s.  ;  leather,  6s.  6d, 

Commercial  Organic  Analysis  :  a  Treatise  on 

the  Properties,  Modes  of  Assaying,  Proximate  Analytical  Examination, 
etc.,  of  the  various  Organic  Chemicals  and  Products  employed  in  the 
Arts,  Manufactures,  Medicine,  etc.   By  Alfred  H.  Allkn,  F.I.C, 

F.  C.S.   Second  Edition.  8vo. 

Vol.  I.,  Hp.  ;  Vol.  II.,  17s.  6d. ;  Vol.  III.,  Part  I., 

14s. ;  Vol.  III.,  Part  II.,  18s. ;  Vol.  III.,  Part  III.,  lOs. 

Vol.  IV.,  completing  the  work,  18s. 

Volumetric  Analysis  (A  Systematic  Hand- 
book of) ;  or  the  Quantitative  Estimation  of  Chemical  Substances  by 
Measure,  applied  to  Liquids,  Solids,  and  Gases.  By  Francis  Sutton, 
F.C.S. ,  F.I.C,  Public  Analyst  for  the  County  of  Norfolk.  Seventh 
Edition.   8vo,  with  112  Engravings,  ISs.  6d. 
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Chemical  Technology:  or,  Chemistry  in  its 

Applications  to  Arts  and  Manufactures.  Edited  by  Chables  B. 
Groves,  F.R.S.,  and  William  Thorp,  B.Sc. 

"Vol.  I. — Fuel  and  its  Applications.    By  E.J. 

Mills,  D.Sc,  F.K.S.,  and  F.  J.  Kowan,  O.B.  Hoyal  8vo,  with 
606  Engravings,  308. 

Vol.  II.— Lighting,  Fats  and  Oils,  by  W.  Y. 

Dent.  Stearine  Industry,  by  J.  McArthur.  Candle  Manu- 
facture, by  h.  Field  and  F.  A.  Field.  The  Petroleum 
Industry  and  Lamps,  by  Boverton  Redwood.  Miners'  Safety 
Lamps,  by  B.  Redwood  and  D.  A.  Louis.  Royal  8vo,  with  358 
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